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Abstract 
A comparat ive study on the total seasonal content of the soluble carbohydrates in three ever-
green species did not indicate any decisive correlation a m o n g the seasonal content of these meta-
bolites, dry organic matter and chlorophyll content on a seasonal basis. The seasonal content of 
the soluble metabolites was found to be higher in a short-day-photoperiod in the case of two broad 
leaved-species but in Taxus baccata this principle was found lacking due to a fu r ther d r o p in au tumna l 
values. The lowest summer level of the soluble carbohydrate content was found to be in contrast t o 
the high summer-grading of the chlorophylls in all three ever-green species. A gradual fall in level of 
such metabolites during the long-day-photoperiod indicates that availabity of these metaboli tes no t 
only depends o n the amoun t of chlorophyll and increased photosynthesis but on some other factors-
viz increase in rate of respiration lowers the level of soluble carbohydrates . 
Introduction 
The subject material of this paper forms a section of an extensive work the theme 
"Seasonal changes in the level of photosynthetic pigments and soluble carbohydrates 
in ever-green plants". The quantitative investigations on the seasonal content of 
soluble carbohydrates were carried out with a view to finding out (1) the general trend 
of such metabolites in ever-green plants in response to the changing conditions on a 
seasonal basis and (2) whether there exists any correlation among the seasonal varia-
tion in the total content of the soluble carbohydrates, dry organic matter and chlo-
rophyll content. 
The investigations on a quantitative basis were carried out on three selected 
ever-green plants: Taxus baccata L., Laurocerasus officinalis ROEM and Hedera 
helix L. The experiments were restricted to the leaf production of spring 1973 only. 
The epxerimental work started in January 1974 and ended in November 1975, thus 
including almost the whole seasonal cycle of the year. 
Experimental 
Only a small quanti ty of the fresh leaf-material, 0,1—0,5 g in the case of broad-leaved species 
and 0,3—0,6 g for Taxus baccata, was used as experimental samples. After the pigment extraction 
using a method suggested by M A R 6 T I and G A B N A I ( 1 9 7 1 ) , the residues of the leaf-samples which 
contained soluble carbohydrates were put in t o the graduated bioling flasks by repeated washing 
with a little dist. water. The sol. was adjusted to a suitable concentrat ion (I Lit), which could later 
on be convenient in absorbance measurement . 
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The volumetric and calorimetric procedures were followed as suggested by Dubois et al (1956» 
and the use of a spekol spectrophotometer with a two cell arrangement at 490 nm was made fo r the 
specific extinction of the solution, so obtained. 
The quanti tat ive determination in terms of soluble carbohydrates y/g dry organic mat te r 
was made possible by the help of absorbance measurement (specific extinctions) and a previously 
decided curve, also suggested in published literature. Abou t 52 experiments for each plant , in each 
season, were performed and averages in terms of soluble carbohydra tes y/g dry organic mat te r 
were evaluated f rom the recorded experimental da ta . 
Results and discussions 
From the absolute values on a seasonal basis, it was found that the highest con-
tent of the total of soluble carbohydrates was maintained in winter in all three ever-
green plants under investigation (table 1). The highest winter level of soluble carbo-
hydrate content was maintained in positive correlation of the dry organic matter 
g/100dm2 leaf-area for the period when the chlorophyll content was found to be 
in second place to the summer maxima (described else-where). K U L L and BRACKLE 
(1972) reported that the winter maxima in the leaves of Quercus balout. an ever-green 
tree species, was maintained due to the presence of sorbitol in that season. The fall 
in level of such metabolites occured in all cases with a spring fall in two other leaf-
materials, as mentioned. LITTLE and LOACH (1972) also reported the spring fall in 
sugar content of 1-year old leaves of Abies balsamea. 
These authors, with reference to A L D E N and H E R M A N N ( 1 9 7 1 ) , believed that the 
spring fall in the level of total sugar content was the result of a protective mechanism 
against injury from low temperature in early spring. Such on assumption could not 
be tenable on the basis of our present results because the summer values dropped 
further in comparison to those of spring. 
Table 1. Average seasonal values of the total con ten t of soluble ca rbohydra te s y/g a n d chls 
mg/100 g — d r y leaf-mater ial 
Winter Spring Summer A u t u m n 
Plant 
species Chls. Sol. carbo-
hydrates 
Chls . Sol. 
ca rbo-
hydrates 
Chls . Sol. 
carbo-
hydra tes 






























The summer fall in soluble carbohydrate content occurred in a negative trend 
to the summer maxima of the chlorophylls in all the three species. Nevertheless, the 
progress in dry organic weight g/dm : leaf area was noted for this period in the case 
of two sunny plants, Taxus baccata and Laurocerasus officinalis but fell short of the 
values for the winter. The summer decrease in the level of soluble carbohydrates in 
the case of Hedera helix agreed in absolute terms with its dry ogranic weight g/dm2 
leaf-area for that period. It therefore seems that the fall in level of soluble carbohydra-
tes during the period of plant activity (spring and summer) is connected to the incre-
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ased respiratory mechanism in addition to some other unknown physiological pro-
cess and not only due to the protective mechanism against injury caused by frost of 
in early spring. 
Regarding the autumnal values, a clear tendency to increase is visible up to the 
winter up-grading in the case of two broad-leaved species, Laurocerasus officinalis 
and Hederá helix. The age factor (1,5 year old leaves) seems to be ineffective in these 
cases. In Taxus baccata, no sign of recovery in autumnal values is visible. It is not 
known whether the autumnal fall in the case of Taxus baccata is connected with the 
age factor (1,5 year) of the leaves or with some other physiological phenomenon. 
Nevertheless, in the light of overall seasonal values it can be generalized that in two 
ever-green broad-leaved species, the total content of soluble carbohydrates for the 
short day photoperiod were found to be higher than for the long-day photoperiod, 
where as this tendency is lacking in the case of Taxus baccata. 
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Abstract 
We have investigated the par t of the spongy and palisade parenchymas played in photosynthesis. 
We have determined the pigment content , pigment rat ios in the isolated tissues and established tha t : 
1. More pigments are contained in the palisade parenchyma than in the spongy one. 
2. Comparat ively more chlorophyll b is contained in the spongy parenchyma and the chloro-
phyll b-/ total carotenoid rat io is higher than in the palisade. 
3. The quant i ty of chlorophyll b is in negative correlation with the carotenoid content . 
4. We suppose, on the basis of ou r data , there to be a ra t io of photosystem 1 in the palisade 
parenchyma of the fully-developed leaves in their spongy parenchyma, but, that the ratio 
of photosystem II is higher. The two photosystems can funct ion in a parallel way too, quite 
apar t f rom each other . In the spongy parenchyma Hill's reaction, the non-cyclic photo-
phosphorylat ion, and C O , fixation predominate, in the palisade one, however, the cyclic 
photophosphoryl ia t ion. A large par t of the A T P energy produced in the palisade parenchyma 
can be used for forming polymers (starch, cellulose). 
Introduction 
Concerning the part played by the palisade and spongy parenchymas in photo-
synthesis, and the ratio of their participation in that, opinions differ. It may be taken 
as a general opinion — according to FILARSZKV ( 1 9 1 1 ) , HABERLAND ( 1 9 1 4 ) , SCHO-
REDER ( 1 9 2 4 ) , ROMELL ( 1 9 2 7 ) , MEYER ( 1 9 6 2 ) , KÁRPÁTI et al. ( 1 9 6 8 ) , as well as others 
— that the main assimilating tissue is the plaisade parenchyma. An opposing wiew-
point is taken by STARZECKI (1962). In his opinion, the most important tissue in the 
assimilation is the spongy parenchyma; the palisade parenchyma playing only the 
part of a light-filter in the fully-developed leaves. 
The o p i n i o n s are f o u n d e d u p o n the f o l l o w i n g : 
— The ratio of the palisade and spongy parenchymas depends mainly on the light 
conditions. STAHL (1880), TURREL (1944), STARZECKI (1962), ESAU (1969), FEKETE 
and SZUJKÓ—LACZA (1973). 
There is some difference between intensity and spectral composition of the light 
penetrating into the two tissues. The C 0 2 and water supply as well as the general 
respiratory metabolism of the spongy parenchyma are different from those of 
the palisade parenchyma. EMERSON ( 1 9 3 5 ) , MONTFORT ( 1 9 5 0 ) , BRODFÜHRER ( 1 9 5 5 ) , 
RÜSCH a n d MÜLLER ( 1 9 5 7 ) , STARZECKI (1962) . 
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— The chloroplast count per cell is generally higher in the palisade parenchyma than 
in the spongy one. Accodring to S C H U R H O F F ( 1 9 2 4 ) , the percentage of chloroplasts 
in the palisade and spongy parenchymas is the following: Fragaria elatior 86 
to 14, Ricinus communis 82 to 18, Brassica rapa 80 to 20, Helianlhus annuus 73 
to 27, Phaseolus multiflorus 69 to 31. 
The researchers have so far tried to solve the above problem with leaf-histological, 
cytological investigations, by measuring 0 2 development and C0 2 fixation. 
In this paper, we draw conlusions about the activity of photosystems I and II 
in the spongy and palisade paranchymas from pigment content and pigment ratios 
known. And in our following paper ( M A R 6 T I and G A B O R , 1 9 7 5 ) — we compare the 
electron-microscopic structure of the chloroplasts of both tissues, verifying the dif-
ference of the photosynthetic activities of mesophyll on the basis of the thylakoid 
aggregation, as well. 
Concerning the pigment investigation of the isolated spongy and palisade pa-
renchymas we have not found any publication. By separating the mesophyll and the 
bundle sheath. Woo et al. (1971) established that in the bundle-sheath chloroplasts 
of C4-plants the photochemical system II is deficient and the chlorophyll-a/b ratio 
is generally higher than in the chloroplasts of the mesophyll. 
Materiasl and Methods 
The plants investigated: Beiula pendua R O T H . , Hederá helix L . . Sophora japónica L„ Nuphar 
luteum (L) SM„ A 'ymphaea alba L.. Zea mays L. grew, under natural conditions, in the Botanical 
G a r d e n s of the Attila József University. We took fo r our investigations fully-developed leaves. 
T h e spongy and palisade paranchymas as well as the bundle sheath were separated by means of a 
scalpel. T h e leaves were put, with lower surface upwards , on a rubber plate, and the abaxial epi-
dermis was scratched with scalpel, with a bevelled cut t ing edge, the spongy parenchyma included. 
The other par t of the leaf, the palisade parenchyma ands urface epidermis remained in goog preser-
vat ion. The separat ion of tissues was supervised with a light microscope. We chosen only species 
where this was possible to do. 
F o r our pigment investigations we took some mat ter of 0.3 to 0.5 g raw weight. T h e tissues 
separated were kept in the dark , a t I °C during sampling (15 to 20 min), then extracted in a way 
already published by us ( M A R Ó T I a n d G A B N A I . 1 9 7 1 ) , and isolated by thin-layer ch romatography . 
Then we measured the chlorophylls and carotenoids. 
Results and their evaluation 
1. P i g m e n t c o n t e n t in the p a l i s a d e and s p o n g y p a r e n c h y m a s 
It is not possible to establish in both tissues an unambiguous rule for the quan-
tity of pigments. In the case of the plants investigated, except Sophora j., the palisade 
paranchyma contained many more chlorophylls and carotenoids, as referred to the 
weight and surface units, than the spongy parenchyma did. 
In the leaves of Hedera helix, Nymphaea alba. Nuphar luteum, and Betula pendula 
the palisade parenchyma contains many more pigments than the spongy one. In 
the distribution of chlorphylls and carotenoids also, species peculiarities manifest 
themselves well. 
PHOTOSYNTHETICAL PIGMENTS IN THE SPONGY AND PALISADE PARENCHYMAS 9 
Table I. Pigment content in the palisade and spongy parenchymas as referred to a unit surface 
mg pigment (1 sq.decimetre leaf surface 
Pigment Hederá helix Nymphaea alba 
palisade p. spongy p. palisade p. spongy p. 
chlorophyll a 2.35 0.86 2.57 0.21 
chlorophyll b 0.52 0.21 0.52 0.05 
carotene 0.24 0.04 0.21 0.01 
lutein 0.31 0.14 0.44 0.06 
anteraxanthine 0.04 0.02 0.04 0.01 
violaxanthine 0.07 0.07 0.10 0.05 
neoxanthine 0.08 0.05 0.11 0.01 
Table 2. Pigment content of palisade and spongy parenchymas, as well as that of the whole 
leaf. Chl-a = chlorophyll a , chl-b = chlorophyll b, car. = /? carotene, lut. = lutein, 
ant . = anteraxanthine, viol. = violaxanthine, neo. = neoxanthine 
mg pigment/100 g dry matter 
Pigments 
viol. chl-a chl-b car . lut. an t . neo. 
Hederá helix L. 
palisade p. 426 97 34 46 6 20 15 
spongy p. 292 80 20 41 5 15 14 
Nymphaea alba L. 
19 19 palisade p. 516 104 44 70 6 
spongy p. 141 26 11 17 3 3 4 
Nuphar ¡uteum (L) SM. 
palisade p. 338 56 28 53 10 23 17 
spongy p. 106 29 12 22 3 8 8 
whole leaf 254 54 25 43 4 19 15 
Betula péndula R O T H . 
palisade p. 444 93 40 66 5 18 18 
spongy p. 284 67 24 39 3 10 13 
whole leaf 409 88 34 57 4 17 17 
Sophora japónica L. 
upper two cell layers 
24 of palisade p. 186 34 21 22 7 9 
lower two cell layers 
of palisade p. 233 53 32 44 4 34 17 
spongy p. 320 76 39 56 4 32 18 
The leaves of Hederá helix and Betula péndula are hypostomatic, and those of 
Nymphaea alba and Nuphar luteum are epistomatic. The leaf of Nymphaea alba rose 
over the water surface, and that of Nuphar luteum floated on water. Between the 
pigment ratios of the two water-plants there is a considerable difference. The leaf 
of Sophora japónica could be separated into three tissue layers. The abaxial surface 
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epidermis was scratched together with the spongy parenchyma. The palisade pa-
renchyma has four cell layers. The two lower (internal) cell layers form a transition 
between the cells of the spongy parenchyma and the typical palisade parenchyma. 
The palisade parenchyma of the lower two cell layers can be separated well from the 
upper one that is kept together by the surface epidermis. It is a striking peculiarity 
of the leaf, and different from the other plants investigated, that most pigments are 
contained by the spongy parenchyma. 
2. P igment ra t io s in the v a r i o u s t i s suse of the leaf 
The chlorophyll a/b ratio is a highly characteristic value in the spongy and 
palisade parenchymas. In the spongy parenchyma, as a general rule, chlorophyll b 
is relatively accumulated. These leaves are hypostomatic and nearly of transversal 
position. In the spongy parenchyma, the cells are in a relatively aerobe, steam-
saturated invironment and have a more hydrophilous peculiarity than the cells of 
the palisade parenchyma. On the basis of the low chlorophyll a/b ratio, it may be 
supposed that in the spongy parenchyma the ratio of the photochemical system II 
is higher, and its acitivity is more increased than in the palisade parenchyma. 
Table 6. Chlorophyll a / b ratio in the leaves. The parenchyma of Sophora japónica with f o u r cell 
layers was separated into two layers: u. = uppe r two, I. = lower two cell layers 
Species Whole leaf Mesophyll Palisade p. Spongy p. Bundle 
sheath 
Hederá helix 4.2 4.4 3.6 
Belula péndula 4.6 — 4.8 4.2 
Nymphaea alba 5.1 — 4.9 5.4 
Nuphar luteum 4.6 — 6.0 3.6 
Sophora japónica — — u. 5.5 4.2 
1. 4.4 
Zea mays 3.5 3.1 — — 5.6 
The epistomatic leaf of the Nymphaea alba investigated rose over the water sur-
face. A higher chlorophlyl a/b ratio was found in the spongy parenchyma. In this case 
supposedly in the spongy parenchyma, the respiratory metebloism, and the oxygen 
supply are of lower degree: chlorophyll a can be accumulated just for that reason. 
The leaf of Nuphar luteum is epistomatic, as well, nonetheless, in the palisade 
parenchyma, the chlorophyll a/b ratio is higher. We are interpreting this contradic-
tion as indicatory that, floating on the water surface, the leaf could take up water 
and water-solved oxygen at its lower surface. 
We investigated in the spongy and palisade parenchymas the chlorophyll/caro-
tenoid ratio, as well. For the chlorophyll a/carotenoid ratio we did not get any 
unambiguous connection. The chlorophyll b/carotenoid ratio was higher in the spongy 
parenchyma in the case of all five plants investigated. It seems to be a general rule 
that if the relative quantity of chlorophyll b increases, that of carotenoids decreases. 
PHOTOSYNTHETICAL PIGMENTS IN THE SPONGY AND PALISADE PARENCHYMAS 11 
Table 7. The chlorophyl l /caro ienoid ra t io of leaf tissues 
Chl . a /ca ro teno ids Chl .b /caro tenoids 
Species palisade spongy plaisade spongy 



























Discussion of the results 
What part may the s p o n g y and p a l i s a d e p a r e n c h y m a s have 
in p h o t o s y n t h e s i s ? 
With full knowledge of the pigment content of the spongy and palisade paren-
chymas, we may try to answer the above question but first, we have to deal with 
interpreting the concept of photosynthesis. 
Today photosynthesis can no linger be identified only with Calvin's cycle, with 
a synthesis of the so-called organic compounds of primary formation. Nowadays, 
photosynthesis means the synthesis of any organic compounds originating from the 
energy of photochemical reactions in green plants [BASSHAM and CALVIN ( 1 9 6 0 ) , 
NICHIPOROVICH ( 1 9 6 1 ) , ARNON ( 1 9 6 2 ) , RUBY ( 1 9 6 6 ) ] . 
Taking into consideration the above facts, in the case of the leaves of heteroge-
neous mesophyll — instead of looking for the main assimiliating tissue — it is more 
correct to ask, what is photosynthetized by one of the tissues and what by the other 
The role of the palisade parenchyma may not be reduced only to light filtering. 
According to our supposition, the spongy and palisade parendhymas enable on al-
ternative photosynthetetic activity. That means that the ratio of photosystems is 
not the same in the two tissues of mesophyll; e.g., more NADPH„ comes into being 
in the spongy parenchyma than in the palisade one. In the spongy paranchyma the 
non-cyclic photophosphorylation predominates, and in the palisade parenchyma the 
cyclic one. 
On the basis of the pigment ratios and the investigation of the electron-microsco-
pic structure of chloroplasts we may subscribe to the opinion of STARZECKI ( 1 9 6 2 ) 
and others that the spongy parenchyma of the hypostomatic leaves plays an out-
standing part in binding CO,. This is made possible by the structure of the spongy 
parenchyma, its more hydrophilous peculiarity, the presence of CO., and water, and 
the increased activity of the photochemical system II. 
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In the p o n g y p a r e n c h y m a , an i n c r e a s e d a c t i v i t y of p h o t o s y s t e m 
II is p r o v e d by the f o l l o w i n g e x p e r i m e n t a l f a c t s : 
1. The lower chlorphyll a/b ratio is showing a high photosystem II ratio. The pigment 
ratio is one of the most important characteristics of the two photochemical sys-
tems. According to B O A R D M A N and A N D E R S O N ( 1 9 6 4 ) , G R O S S et al. ( 1 9 6 6 ) , B R I A N -
TAIS ( 1 9 6 8 ) , as well as others, the photochemical system I is characterized by a 
high, and pigment system II by a low chlorophyll a/b ratio. According to K N A F F 
and A R N O N ( 1 9 6 9 , 1 9 7 1 ) , A R N O N ( 1 9 7 1 ) , in photosynthesis there are three light 
reactions (PS—IIS, PS—II„, and PS—I). Photosystem II is able to reduce N A D P 
by the help of the two light reactions (II,,, IIa), independently of PS—I. The separa-
tion of the non-cyclic and cyclic photophosphorylations can be observed in the 
chloroplasts of the bundle sheath of C4 plants, as well. It was demonstrated by 
D O W N T O N et at. ( 1 9 7 1 ) , Woo et al. ( 1 9 7 1 ) that in these chloroplasts photosystem 
II is deficient. According to S L A C K et al. ( 1 9 6 9 ) , C 0 2 fixation takes place in the 
mesophyll chloroplasts of C, -plants, and the triozes formed are converted to 
hexose, resp. polymerized to starch in the bundle-sheath chloroplasts. 
2. In the membrane of photosystem II there are more xanthophylls than in the 
membrane fragments containing photosystem I. L I C H T E N T H A L E R ( 1 9 6 9 ) , F A L U D I -
D A N I E L ( 1 9 7 3 ) . In the spongy parenchyma, the relative quantity of the hydroxy-
carotenoids (lutein, neoxanthine) is generally larger than in the palisade paren-
chyma. 
3. According to our measuerements in the spongy parenchyma chloroplasts the 
Iongth of the partitions on one square ji is much larger than in the palisade pa-
renchyma. According to N I R adn PEASE ( 1 9 7 3 ) , A K O Y U N O G L O U and A R G Y R O U D I -
A K O Y U N O G L O U ( 1 9 7 4 ) , phosystem II is in the grana, the interthylakoid place, and 
the partition. The spongy parenchyma chloroplasts contain many, large starch 
granules. 
4 . S T A R Z E C K I 0 9 6 2 ) — by illuminating the leaf-discs on both sides — demonstrated 
in the case of several plants that the development of Os is much more intensive in 
the spongy parenchyma of the fully-developed leaves than in the palisade paren-
chyma. 
5. We illuminated isolated leaves, after keeping them in the dark for twelve hours, 
in air containing 0.5 per cent CO„ (30.000 Lux), and then separated the spongy 
and palisade parenchymas. After that, we measured the change in the soluble 
carbohydrate level in both tissues of mesophyll. In the spongy parenchyma we 
obtained a 5 to 15 per cent increase but in the palisade one, the quantity of soluble 
carbohydrate became rather smaller. 
The chlorophyll a/b ratio of the palisade parenchyma chloroplasts is high. This 
is relates to the predominance of photosystem I. The cyclic photophosphorylation 
does not need water, or carbon dioxide. Light energy is pesererved — without pro-
ducing oxygen — in the ATP-bondages of high energy-content. ATP can be utilized 
in various syntheses, and formations of carbohydrate polimers (starch, cellulose). 
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THYLAKOID AGGREGATION AND PIGMENT RATIOS 
IN THE SPONGY AND PALISADE PARENCHYMAS1 
J . M A R Ó T I A N D G A B R I E L L A G Á B O R 
Department of Botany. Attila József University. Szeged 
(Received May 30, 1975) 
Abstract 
We drew conclusions about the localization and the role of the photosystems in the spongy and 
palisade parenchymas from the thylakoid aggregation and pigment ratios. The spongy and paiysade 
parenchymas were isolated from the leaves of the species investigated. From a part of tissue speci-
mens the pigments were determined, other parts were studied with electron-microscopic methods. 
On the basis of the fine-structure analysis of chloroplast membranes adn pigment measurings we 
have established that: 
1. In the spongy p. chloroplasts the complete length of the partition per grana is in every case 
larger, and the chlorophyll a /b ratio is smaller, than in the palisade p. chloroplasts. The 
measure of thylakoid aggregation is in a negative correlation with the chlorophyll a/b ratio. 
2. We suppose by reason of the literary data and our own results that photosystem 1 is localized 
in the terminal membrane, the stroma lamellae, at the surface of partitions from the loculi. 
and photosystem II, however, interthylakoidally at the external surface of the membrane. 
3. Photosystem I is enriched in the palisade p. chloroplasts, and photosystem II in the spongy 
p. chloroplasts. The ratio of photosystem I may increase by enlarging the surface of stroma 
lamellae and reducing the degree of thylakoid aggregation. 
4. On the basis of our results we confirm and, in other respects, keep on developing Arnon's 
opinion (2), according to which the regulation of the products of photosynthesis (the synthe-
sis of soluble carbohydrate, starch, cellulose, protein, lipoid matters) is realized, in the 
last analysis, through the dynamic change in the ratio of photosystems. 
Introduction 
The final aim of the electron-microscopic investigation of chloroplast is to lo-
calize the processes of photosynthesis and connect them with one another. As the 
environment is to be studied in a macromolecular way, the investigations of ultra-
structure are to be completed with measruings of other an character, as well. In 
organizing the chloroplast membrane, the pigments have a functionally prominent 
significance. The spongy and palisade parenchymas were earlier isolated from the 
leaves of several species, then the quantity of the single chlorophylls and carotenoids 
was determined. We suppose, on the basis of the pigment ratios, that: 
— In the palisade parenchyma of the leaves developed, the ratio of photosystem I 
is higher, in the spongy parenchyma, however, that of photosystem II. 
1 A part of the paper was read — M A R 6 T I (1974) — in Poznan ( C O M E C O N Conference. 
Theme 1—18.2). 
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— In the spongy parenchyma Hill's reaction, the non-cyclic photosphosphorylation 
and C 0 2 fixation prevail out in the palisade parenchyma the cyclic photophos-
phorylation prevails. 
Taking into consideration the above-mentioned facts, on the basis of the ultra-
structure of chloroplast, we should like to prove the separation of photosystems in 
the mesophyll and the change in their ratio. 
At the chloroplast investigations so far, the leaf was considered as homogeneous 
without distinction according to the origin of chloroplast from one or another 
tissue layer. We are demonstrating on the basis of a study of the pigment ratios 'hat 
the chloroplasts form a heterogeneous ensemble in the leaves. There were compara-
tively few researchers dealing with the connection between the fine structure of 
chloroplast and the pigment ratios. 
R E G E R and K R A U S S ( 1 9 6 9 ) demonstrated in the case of Chlorella algae that the 
ratio of chlorophyll a/b, the quantity of dry matter, the size and number of starch 
granules are increased by a stronger light intensity but, at the same time, the quantity 
of chlorophylls and the degree of thylakoid aggregation decrease. 
According to R E Y S and B O U R D U ( 1 9 7 0 ) , H I R S C H A U E R el al. ( 1 9 7 1 ) , in the case 
of Lolium multiflorum the ratio of chlorophyll a/b is increased and the thylakoid 
numbers per grana are decreased by a short photopeirodic illumination. 
It was demonstrated by Woo el al. ( 1 9 7 0 ) in the case of C4 plants that the pro-
duct of multiplying the number of partition per the chloroplast area of mesophyll 
and bundle sheat with their total length is in inverse ratio to the ratio of chlorophyll 
a/b. In respect of the part of chlorophyll b in photosystem II the opinions differ. 
In Smith's opinion ( 1 9 5 4 ) , the presence of chlorophyll b is non-essential to the de-
velopment of oxygen. A similar result was achieved by G O O D C H I L D el al. ( 1 9 6 6 ) 
who established that chlorophyll b is a not indispensable component of the grana 
of higher-class plants. The stability of grana is, however, damaged by a lack in 
chlorophyll-b. 
F A L U D I - D A N I E L el al. ( 1 9 6 8 . 1 9 7 0 ) demonstrated that besides chlorophyll-b, caro-
tenoids play, a very important part in the formation of grana and the stability of 
membranes. According to F A L U D I - D A N I E L and N A G Y ( 1 9 7 2 ) , photosystem I I func-
tions not only in grana, and the Hill activity may even be higher in plastids containing 
no grana than in the normal lamella-system with grana. 
The opinion of van H O M A N N and S C H M I D (1967) is, to certain extent, oppossed 
to the ones above. In a study of tobacco mutants, they demonstrated that the full 
activity of photosystem I might take place in isolated thylakoids, as well. To the acti-
vity of photosystem II, however, a close adhesion of at least seven thylykoids is 
necessary. 
We have compared the literary results achieved by biochemical, cytochemical 
methods with our own electron-microscopic and pigment-investigations, completing 
in this way the dynamic connection and localization of the photosystems with new 
data. 
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Material and Method 
Ww have used for our investigations the developed young leaves of the barren shoot of Hedera 
helix L., those of Nuphar luleum L., and Nonea /¿ilea (DESV.) DC. Detaching the spongy parenchyma 
f rom the palisade one, we cut 0.2 to 1 square mm pieces f rom these tissues. We fixed the matter 
in 3 per cent glutaraldehyde, in a buffer of 0.05 M K H P O , — N a H P O , and saccharose content 
( p H = 7 . 2 ) at 24 °C for three hours. Then we washed the tissue speciemens in the above buffer, 
refixed them with 1 per cent O . O , in a buffer of 0.05 M potassium phosphate fo r three hours. 
We washed them again and dehydrated in an ascending alcohol series and propylene oxide, treating 
them in the meant ime with uranyl acetate in 70 per cent alcohol. Af ter dehydrating the matter , 
we embedded it into a Durcupan -ACM mixture. The section was carried out with Reichert 's O M U , 
ultramicrotome. The sections of silver and golden colour were made contrastive by means of lead 
citrate. The photographs were prepared with a T E S L A BS—500 electron-microscope. 
The matter was embedded three different times. Measurings were carried out at 8 to 10 chloro-
plast recordings fo r each species and tissue (ca 120—150grana. on 1 to 2000 thylakoids). 
Results and their evaluation 
1. T e r m i n o l o g y of the f ine s t ruc ture of c h l o r o p l a s t 
and l o c a l i z a t i o n of p h o t o s y s t e m s 
In spite of the unifying tendencies — WEIER el at. ( 1 9 6 2 , 1967) , MENKE ( 1 9 6 2 ) 
— the nomenclature of the chloroplast ultrastructure is not unambiguous. We 
deem therefore necessary to determine the concepts used by us. 
1. Membrane: the electron-microscopically single-layer, so-called chloroplast 
"unit" membrane consists — according to FREY—WISSLING and STEINMANN 
( 1 9 5 3 ) , MENKE ( 1 9 6 2 , 1963) , WEIER a d n BENSON ( 1 9 6 5 , 1967) — o f o n e 
layer of the globular lipoprotein membrane sub-units of 4 0 — 1 5 5 A diameter. 
2. The lamella is a double membrane consisting of parts close to each other and 
belonging loosely together. Instead of stroma thylakoid the name stroma 
lamella is generally used today. Between the two stroma membranes a stromal 
channel N IR and PEASE ( 1 9 7 3 ) — is formed, with some matter of hydrophilous 
nature between them (WEIER and BENSON ( 1 9 6 5 ) ) . At the internal surface of 
the stromal membrane only the photochemical system I is localized. NIR 
a n d PEASE ( 1 9 7 3 ) , GASANOV a n d FRENCH ( 1 9 7 3 ) . 
3. Thylakoid is the structural unit of the photosynthetic lamella-system, consist-
ing of a close double membrane: MENKE (1962). The thylakoid membrane 
encloses a loculus. 
4. Grana are formed by a close association of the external surfaces of two or 
more thylakoids. In the course of the appreassed of thylakoids, the two 
membranes of the adjacent thylakoids and the interthylakoidal gap are 
together forms a partition: WEIER and BENSON ( 1 9 6 5 ) . According to NIR 
and PEACE ( 1 9 7 3 ) the partition is about 130 A broad, of which the inter-
thylakoidal space of hydrophilous nature is 4 0 A. HOMANN and SCHMIDT 
( 1 9 6 7 ) , Woo el al. ( 1 9 7 0 ) , NIR and PEACE ( 1 9 7 3 ) demonstrated that on the 
external surface of the thylakoid membrane, in the partition, photosystem II 
was localized, and on the internal surface, towards the loculus, the photo-
chemical system I. In our paper we reach to the conclusion that photosystem 
I is separately localized not only in the stroma lamellae but in the end granal 
membranes, as well. 
2 
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In the case of the grana consisting of some thylakoids the end granal membra-
ne per partition ratio is: 2 to 1, and in case of the multilamellar grana: 
0.5 to 0.05. 
In the course of analysing the fine structure of chloroplast, we measured: a) 
the thylakoid number per granum: b) the average length of the partition; c) the 
total length of the partition per grana; d) the length of the partition and stroma la-
mella on the unit surface: e) the percentage distribution of the thylakoid aggregation. 
We have supposed by reason of the literary data and our own results that the 
photosystems are localized in the followign membranes: 
1. At internal surface of the end granal membrane: PS—I. 
2. At internal surface of the stroma lamellae: PS—I. 
3. In the partition, at internal surface of the grana thylakoid, towards the 
loculus: PS—I. 
4. In the partition interthylakoidally, at external surface of the membrane: 
PS—II. 
—stroma lamellae \PS-I 
UNir and Pease) 
—stroma membrane '/Qasanov and French 1 
—-stroma channel 
. i — sPS-l and PS-II = partition \ I W o o e l a t l 
-partition gap>(Nir ond peaSel 






Fig. 1. Nomenclature of the chloroplast and the supposed localization of the photosystems 
2. C h a r a c t e r i z a t i o n of the u l t r a s t r u c t u r e of c h l o r o p l a s t s 
a) Hedera helix L. 
The most chaarcteristic peculiarities of the chloroplasts of the spongy parenchy-
ma (s. p.) (Plates: 1/1; 1/2; II/l) are the broad, lamellar macrograna turning into 
one another. The grana thylakoid margins do not overlap one another. The partition 
number, partition length per grana considerably outnumber, resp. exceed those of 
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Plate I 
1. Hedera helix, spongy p. chloroplast. The plastid membrane is completely filled up with s t roma 
lamellea. " S h a m " loculi are formed in interlamellar way. x20.000. 
2. Chloroplast of spongy parenchyma of the leaf of Hedera helix. In the plastid broad, macrograna 
are to be seen, going over to one another. The partition per stroma thylakoid ratio is larger than 
in the palisade chloroplast. x29960. 
3. Chloroplast details f rom the palisade parenchyma of Hedera helix. The grana form long "palisa-
des" and stand out in sharp contrast to the stroma thylakoids. The partition per stroma thylakoid 
ratio is smaller than in the spongy chloroplasts. x29960. 
The sections were made with K M n O , contrasting. 
2* 
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Plate 2 
1. Hedera helix, spongy p. Chloroplast. Broad macrograna. large starch granules are to be found 
in plastids. x20 000. 
2. Palisade parenchyma chloroplast f rom the leaf of Hedera helix. The partition per stroma thylakoid 
ratio is larger than in the spongy parenchyma. x29960. 
3. Chloroplast f rom the palisade parenchyma of Nonea lutea. The stroma thylakoids and grana ter-
minal membranes are of greater number than in the spongy chloroplasts. x29960. 
The sections were made with K M n O , contrasting. 
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the chloioplasts in the palisade parenchyma. The stroma thylakoid count falling 
to the unit area is lower than in the palisade chloroplasts. The membrane system of-
ten fills up the chloroplast in its entirety. Under the chloroplast membarne, therefore, 
the peripheral zone of the stroma plasm is lacking. The peculiarity of the stroma 
lamellae that the membranes are closely adhesive, hardly any loculus being visible 
between them, is different from the other chloroplast. Between the stacks of the 
accumulated stroma thylakoids some interlamellar loculi can be formed, being in 
fact sham loculi. In the s. p. chloroplasts the large starch granules are frequent. (Cf.: 
Table 1.) 
In the palisade parenchyma (p. p.) chloroplasts (Plates: 1/3; II/3) the size of 
grana is changing. Some grana consisting of several thylakoids can be observed in 
almost every chloroplast. The grana-thylakoid margins occur closely above each 
other. The average length of partitions is nearly half of those existing in the spongy-
parenchyma chloroplasts. The full length of the partition per grana is considerably 
shorter than in the s. p. chloroplasts. The count of stroma lamellae on the unit area 
is greater than in the s. p. chloroplasts. Between the stroma lamellae the real loculi 
can be seen well. The stroma thylakoid often gets blistered (supposedly in the course 
of embedding) (Cf.: Plate 1/3). 
In the p. p. chloroplasts there are sometimes present tiny starch granules, as 
well. The difference between species, is also shown well by the fine-structure analysis 
(Cf.: Table 1). 
b) Nonea lulea ( D E S V . ) D C . 
In the spongy parenchyma (s. p.) chloroplasts (Plate: III/l) the membranes are 
organized for the most part into grana. The average thylakoid count per grana is: 
6.5. That is only slightly higher than in the p. p. chloroplasts where this value is 
5.6. The length of the stroma lamellae on the unit area differs considerably from that 
of the p. p. chloroplasts. In the spongy parenchyma chloroplasts the starch granules 
of various size can often been observed. The difference of chloroplasts in the two 
tissues of mesophyll is well-shown by the analysis of the ultrastructure of chloroplasts 
(Cf.: Table 1). 
The most characteristic peculiarities of the palisade parenchyma (p. p.) chloro-
plasts (Plates 11/3; 111/2—3) are: the heterogeneous granum size and form, as well 
as the large number of the stroma thylakoids. The grana consisting of a few thy-
lakoids are long (cf.: Plate III/2—3) and their course is wavy. The grana terminal 
membranes have rugous surfaces, often with blisters. In this way, enormous loculi are 
formed. The partition of the multithylakoidal grana is short and, consequently, the 
average partition length per grana is shorter than in the spongy parehchyma chloro-
plasts (cf.: Table 1). In the chloroplasts no starch granules were found. In the palisade 
parenchyma chloroplasts the length of the stroma thylakoids on the unit surface is 
almost double that in the s. p. chloroplasts. 
c) Nuphar luteum (L.) SM. 
The most characteristic peculiarities of the spongy parenchyma (s. p.) chloro-
plasts (Plates: III/4: IV/I) are: the multilamellar macrograna, the granular stroma 
plasm, and the swelling of loculi. It may even be supposed on the basis of the shape 
of the interthylakoidal spaces that are visible in the pictures that these are the positions 
of the starch granules dropping out at cutting. It is to be observed, however, that the 
grana terminal membranes, too, get often blistered and that is in opposition to the 
supposition that these places are all the position of starch granules. As a result of 
Plate 3 
1. Spongy parenchyma chloroplast f rom the leaf of N o n e a lutea. In the plastid s tarch granules a re 
to be observed, a par t of thylakoids a re organized into grana, there a rc onyl few s t roma thylakoids. 
X2I400. 
2. Chloroplas t f rom the palisade parenchyma of N o n e a lutea. A m o n g the mult i thylakoidal g rana 
of short part i t ion there are several grana consisting of a few thylakoids and having long part i t ions, 
as well. The number s of s t roma thylakoids are considerable , too. x29960. 
3. Nonea lulae, palisade p. chloroplast . The numbers of s t roma lamellae and grana terminal membra-
nes are more than in the spongy p. chloroplasts. Blistering and cr inkl ing of the g rana terminal 
membranes a re f requent . x29960. 
4. Spongy parenchyma chloroplast f rom the leaf of N u p h a r luteum. Loculi, par t icular ly in the grana 
terminal thylakoids, a re strongly swollen. x29960. 
T h e sections were made with K M n O , contrast ing. 
T H Y L A K O I D A G G R E G A T I O N A N D PIGMENT RATIOS 2 3 
_ Plate 4 
1. Spongy p. parenchyma from the leaf of Nuphar luteum. Grana are consisting of several thylakoids. 
In the s. p. chloroplasts there are many swollen loculi. x29960 
2. Chloroplast detail f rom the palisade parenchyma of Nuphar luteum. The terminal membrane 
per partition ratio is much larger than in the spongy p. chloroplasts. x29960. 
3 Detail of a palisade parenchyma chloroplast of Nuphar luteum. Several grana consist of only two 
' or three grana thylakoids. In the grana consisting of a few thylakoids the partitions are long, in 
those consisting of more thylakoids, however, they are short. The course of lamellae is wavy, 
supposedly as a consequence of non-preparation. x29960. 
The sections were made with KMnO» contrasting. 
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the grana terminal membranes getting blistered, the stroma plasm is divided into 
spaces. In the stroma plasm, besides the large electron-spreading globules, there 
are to be found several osmiophilous granule stacks (cf.: Plates IV/1, III/4). These 
are probably polyribosomes. It is a remarkable peculiarity of the s. p. chloroplasts 
wich is different from the other species that there are. more stroma lamellae on the 
unit surface than in the palisade parenchyma chloroplasts (Cf.: Table 1). 
In the palisada parenchyma (p. p.) chloroplasts (Plates IV/2, 3) the grana with 
long partition and consisting of 2—3 thylakoids are frequent, and the grana terminal 
membranes become rugous, blistered. The p. p. chloroplasts have grana of characte-
ristically heterogeneous sizes and shapes. The partition falling to an average granum 
is longer than in the s. p. chloroplasts. That seems to be a species peculiarity. The 
p. p. and s. p. chloroplasts were embedded in a completely identical way. A consider-
able blistering of loculi could not be observed, after all, in the p. p. chloroplasts. 
A considerable cause of that may have been that the p. p. chloroplasts are less 
hydrophilous than the spongy parenchyma chloroplasts. The number of the stroma 
thylakoids is lower than in the s. p. chloroplasts, which is in seeming contradiction 
to the high value of the chlorophyll a/b ratio. The full length of the partition per 
grana is considerably shorter than in the s. p. chloroplasts (cf.: Table 1). 
Table 1. Analysis of the fine structure of choloplast 






























































3. C o n n e c t i o n of the t h y l a k o i d a g g r e g a t i o n 
wi th the c h l o r o p h y l l a / b ra t io 
The fine-structure analysis of chloroplasts shows a highdegree, significant ( P > 
>0.001) difference in the spongy and palisade parenchymas. It is unambiguously 
proved by the above facts and the changes in pigment ratio that in the leaf a hetero-
geneous population is formed by the chloroplasts. 
In the plants investigated, the chlorophyll a/b ratio of the spongy p. chloroplasts 
is smaller, and the full length of the partition per grana is larger in every case than 
in p. p. chloroplasts. 
The percentage distribution of the number of thylakoids forming the grana shows 
similarly a great difference in the two tissues of mesophyll. The measure of the 
aggregation of thylakoids is also in a close correlation with the chlorophyll a/b 
ratio. 
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Table 2. Cor re la l ion of the total length of the part i t ion per g r a n u m a n d the ra t io of chlorophyl l a / b 
Species Chloroplas t 
P a r t i t i o n n u m b e r x l e n g t h 
g r a n u m 
C h o l r o p h y l l 
a / b 
Hederá helix spongy p. 

















Table 3. Percentage dis tr ibut ion of ihylakoid aggregal ion a n d its corre la t ion with the ra t io of 
chlorophyll a /b 
Species Chloroplas t 
Measure of thylakoid 
aggregat ion in percentage 
2 — 3 t n . 4—6 th. 7-=th 
Chlorophyl l 
a /b 




















Nuphar luteum spongy p. 









Our results agree with the establishments of Reger and Krauss (1969), REYSS 
and BOURDU ( 1970), Woo et al. ( 1970) : The relative quantity of chlorophyll b increases 
parallel with the increasing aggregation of grana thylakoids. 
It is known from the works of BOORDMAN and ANDERSON ( 1 9 6 4 ) , GROSS et al. 
( 1 9 6 6 ) , BRIANTAIS ( 1 9 6 8 ) , AKOYUNOGLOU a n d ARGYROUDI—AKOYUNUGLOU ( 1 9 7 4 ) , 
as well as of others, that photosystem I is characterized by a high (Chlorophyll a/b = 
= 6—7), and photosystem II by a low (Chlorophyll a/b = 2—3) chlorophyll a/b 
ratio. If we compare the formation of pigment ratios and the analysis of the ultra-
structure of the chloroplast with our knowledge obtained about the localization of 
the photosystems (8, 16, 24), we get the unequivocal answer that in the two tissues 
of mesophyll the ratio of the two photosystems is different. In the spongy p. chloro-
plasts the photochemical System II, in the palisade p. chloroplasts photosystem I 
predominates. According to REEVES and HALL ( 1 9 7 3 ) , photosystem II can probably 
produce as much ATP and NADPH as is sufficient for fixing C 0 2 . 
Oi 





Fig. 2. Schema of photosystems according to Knaff and Arnon 
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4. S e p a r a t i o n of p h o t o s y s t e m s and m o d i f i c a t i o n of the ir r a t i o 
The question of photosystems I and II is an important problem which has not 
been chleared up as yet. It was demonstrated by KNAFF and A R S O N ( 1 9 6 9 . 1971) , 
ARNON ( 1 9 7 1 ) that in photosynthesis there are three light-reactions ( P S — I I B , P S — I I A 
a n d P S — I ) . 
According to KNAFF and ARNON , the non-cyclic and cyclic photophosphoryla-
tions remain separate, and photosystem II is able to reduce NADP. even indepen-
dently of PS—I. 
The spatial separation of photosystems is supposed by GASANOV and FRENCH 
(1973). They established that the stroma lamella contained only photosystem I. 
but the grana thylakoids, however, contained both photochemical systems (PS—1 
and PS—II). 
It appears from the above facts that the functional and structural separation of 
photosystems is very probable. The spatial separation is the first condition the modi-
fication of the photosystem ratios. In our opinion, the enrichment of photosystem 
I can take place in two ways: 
a) By expanding the surface of the stroma lamellae: 
b) By decreasing the degree of thylakoid aggregation when the ratio of the grana 
terminal membrane per partition is 2 to 1. 
In the case of Hedera helix and Nonea lutea the length of stroma lamellae on 
the unit surface in the palisade p. chloroplasts is larger. The higher value of the ratio 
of photosystem I is therefore understandable. 
The chlorophyll a/b ratio of the palisade p. chloroplasts in Nuphar luteum is 
prominently high: 6: the length of stroma lamellae falling to the unit surface is, on 
the other hand, shorter than in the spongy p. chloroplasts. The most likely possibility 
of solving the contradiction is that photosystem I is localized isolated in the grana 
terminal membranes as well. 
The localization of the photochemical system I in the grana terminal membrane 
is shown by the thylakoid aggregation of all three plants, and it is prominently proved 
by the chloroplast of Nuphar luteum where 42 per cent of the thylakoids form grana 
consisting of two — three thylakoids. 
An increase in the ratio of photosystem II can be carried out by increasing thy-
lakoid aggregation or reducing and degrading the organization of stromal lamellae. 
Making use of this oppor tuni ty , we wish to record our grati tude to research fellow F E R E N C J O O , 
junior research fellow IDA T O T H . research student F L O R A K A L M A N . secondary school mistress Katal in 
Szemenkei. laboratory technician M A R T A FEJES for rendering possible and enabl ing the prepara t ion 
of sections. Special thanks of the au thors are due to jun io r lecturers IMRE R O J I K and IMRE H O R V A T H 
for the technical preparat ion of the electron-microscopic photographs . 
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Abstract 
Scanning electron-microscopic investigations have been performed by us on the pollen grains 
of Corollina meyeriana. Classopollis classoides. and Classoidites glandis. The Classopollis classoides 
specimens of the Jurassic Period are representing, on the basis of the S E M results, two types. Clas-
soidites glandis is characteristic even in respect of its surface formations. 
Introduction 
The knowledge relating to the pollen group can be reduced to Hoerhammer's 
publication ( 1 9 3 3 ) . Light-microscopic publications of fundamental character are 
the works of MALYAVKINA ( 1 9 4 9 ) , PFLUG ( 1 9 5 3 ) , BALME ( 1 9 5 7 ) , COUPER ( 1 9 5 8 ) , 
KLAUS ( 1 9 6 0 ) , POCOCK & JANSONIUS ( 1 9 6 1 ) , and CHALONER ( 1 9 6 2 ) . There have taken 
place several more descriptions of some species with light-microscopic method. 
In respect of the botanical connection of the genus Classopollis, MEDUS'S publications 
( 1 9 6 7 , 1969) are to be mentioned. 
Transmission electron-microscopic results are known by PETTITT & CHALONER 
(1964) and KEDVES & PARDUTZ (1973) . The method of carbon replica was applied 
on the genus Classopollis by TAKEOKA& STIX ( 1 9 6 3 ) . 
Scanning electron-microscopic investigations were first published by REYRE 
(1968b) who carried out investigations of taxonomical character on the pollen grains 
of Gymnospermae and Chlamydospermae in several other publications (1968c, d, e), 
as well. In 1970, he raised new points of view in his work. Further publications of 
character like this are the works of REYRE, KIESER & PUJOL (1970), M U I R & VAN 
KONIJNENBURG—VAN CITTERT (1970), and TREVISAN (1971, 1973). 
From the literary data, we have drawn the following conclusions: 
1. There have developed essentially two kinds of systems; on the one hand, the 
form-genera and species, constructed on the basis of the classical, light-microscopic 
particularities; on the other hand, the system, constructed on the scanning electron-
microscopic data, differentiated primarily according to species. 
2. The connection between the two kinds of systems is rather problematical 
because the taxons recognized with the light-microscopic method, the most part of 
which can be regarded as classical, wont be reinvestigated with modern methods. 
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It seems, therefore, to be necessary, beyond the modern knowledge, completing 
the classical data, too, with the opportunities provided by the scanning electron" 
microscopic method, to bring the knowledge inside this pollen group to the same level, 
satisfying as far as possible every point of view. This work wants to supply informa-
tion in the interest of this aim. 
Materials and Methods 
In I he interest of the aim mentioned before, we have chosen for investigation some pollen grains 
of a type that were well known in the course of earlier light-microscopic investigations. It was a 
further point of view, to compare as much as possible the surface formation of the pollen grains 
originated from different geological periods. There were examined, therefore, the following species: 
1. Corollina meyeriana (KLAUS I960) Venkatachala & Goczan 1964, Trias, Hungary, boring 
Sp. No. 3, 320 m; the material of investigations was made available for me by Dr. F. Goczan : I 
wish to express my thanks to him for his friendly help. 
2 . Classopollis classoides ( P F L U G 1 9 5 3 ) P O C O C K & J A N S O N I U S 1 9 6 1 , Jura . Hungary, carbonate 
manganese ore. shaft Hi. 
3. Classoidites glandis A M E R O M 1 9 6 5 , Upper Cretaceous. Portugal. In respect of the spore and 
pollen composition, this findspot is identic with the Aveiro type. Concerning this, light-microscopic 
results were published by K E D V E S & D I N I Z ( 1 9 6 7 ) . 
Plate I 
1—3 Corollina meyeriana ( K L A U S I960) V E N K A T A C H A L A & G Ó C Z Á N 1964. 
I — x2000 
2, 3 — xlOOOO. 
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The specimens marked ouï fo r S E M investigation were gold-shaded. The pho tographs were 
made with a JSM—50A appara tus in the Electron Microscope Laboratory placed in the Depar tment 
of General Zoology of the Loránd Eötvös University. 1 should like to express my grati tude to Dr. 
J. KOVÁCS, senior lecturer and head of the Depar tment , fo r his friendly help rendered in making 
the photographs . 
Results 
1. Corollina meycrina (KLAUS 1960) VENKATACHALA & G 6 C Z A N 1964 (Plate 
I . i — 3 ) . 
In the slightly magnified picture of the pollen grain, the even light-microscopically 
known morphologicaf peculiarities can be recognized well. (Plate I, 1.) From the re-
duced tetrad sign small filiformed formations protrude. These melt into the exine 
part beside the Y-shaped formation (Table I, 1, 3), The circular germinalia, rimula 
which are characteristic of the group, are but a little express in the specimen examined. 
The surface is not completely smooth (Plate I, 2, 3), it is varied with tiny granules 
of the size 0.05—0.15 p. The decorative elements here and there anastomose and 
engender some rugulat formations. 
2 . Classopollis classoides (PFLUG 1953) POCOCK & JANSONIUS 1961 (Plate I I , 
1—6). 
It is one of the characteristic and important pollen types of the manganese ore 
at Urkut which is problematical even on the basis of the earlier light-microscopical 
investigations from taxonomical point of view. There were examined several speci-
mens, both isolated and in tetrads; from among these, four objects examined are 
published here. On the basis of the investigations, two kinds of types could be estab-
lished, those published in Plate II, resp. III. On the specimens of type I (Plate II, 
1 _ 6 ) there is a characteristic and express sculpture, particularly well-visible in the 
pictures magnified strongly (Plate II, 2, 3,4, 6). The decoration is rugulat, sporadically 
with verrucae, the size of the decorative elements is varied from 0.2 to 0.7 p. The 
specimens published in Plate III differ considerably from the former ones in respect 
of their surface decoration. The sculpture is less express rugulat-hamulat, the deco-
rative elements are 0.2 p narrow, their length surpasses even 1.5 p. There are tiny 
granules, too, sporadically at the surface, with a 0.2 p diameter. 
3 . Classoidiles glandis AMEROM 1965 (Plate I V , 1 — 4 ) . 
In the tetrad investigated, the general morphological peculiarities of the pollen 
grain can be seen well in photograph I (Plate IV). The strongly magnified surface 
pictures of the different specimens had an essentially identical result (Plate IV, 2—4). 
The surface is verrucat-rugulat, the diameter of verrucae is 0.2—0.3 p, the same 
broad are the rugulat decorative elements, their length is varied, it is about 0.5— 
0.7 p. 
Discussion of the results 
In respect of the results of the species investigated the following may be estab-
lished: 
1. The pollen type summarized under the name Classopollis classoides is — on 
the basis of the scanning electron-microscopic data — heterogenous. It has, accord-
3 2 
1 — 6 Clossopollis classoides ( P F L U G 1953) Рососк & J A N S O N I U S 19f>| 
1 , 4 — X 2 0 0 0 . 
2, 3, 5, 6 — X10000. 
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P l a i e I I I 
1 — 4 C/assopollis classoides ( P F L U G 1953) Рососк & J A N S O N I U S 1 9 6 1 . 
1 . 3 — X 2 0 0 0 . 
2 . 4 — X 1 0 0 0 0 . 
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P l a t e IV 
1—4 Classoidites glandis AMEROM 1965. 
1 — x2000. 
2 — 4 — X 1 0 0 0 0 . 
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ing to the data received so far, two types that can be defined well. In order to clear 
the problem, a large number of light and scanning electron-microscopic investigations 
are still to be carried out, if possible from different findspots and geological periods. 
2. The Classoidites glandis of the Upper Cretaceous Period can be well-separated 
and characterized with the surface sculpture, as well. 
3. Comparing the results obtained with Reyre's data (1970), the types of Clas-
sopollis classoides are similar to Classopollis chateaunovi, resp. Classopollis bussoni. 
Some likeness may be established between the surface formations of Classopollis 
bussoni and Classoidites glandis. 
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Abstract 
From earlier experiments it was concluded that the amounts of indole compounds extractable 
with methanol f rom plant material are affected by non-sterile conditions not only via the direct 
bacterial synthesis of indole compounds, but indirectly too. In a study of the nature of the indirect 
effect, the indole compounds of roots treated with cellulase, treated with indole-3-acetic acid (IAA) 
or maintained under non-sterile conditions were chromatographed, measured quantitatively and 
compared with the results from untreated controls. It was found that, compared to the control, all 
three treatments increased the concentrations of tryptophan, IAA and metabolite of IAA in roots 
grown in the culture. The extractable radioactivity was measured after similar samples had been fed 
with labelled glycine, and essentially similar results were obtained: more activity could be extracted 
with 20% ethanol from treated and non-sterile root samples than from the untreated controls. The 
experiments by and large support the assumption that the amounts of extractable indole compounds 
and radioactive gylcine are increased by exogenous cellulase, lAA-induced cellulase and bacterial 
cellulase via their cell wall loosening effects. 
Introduction 
The IAA metabolism of higher plants is well known to be closely connected 
with the apiphytic bacteria, for the presence of the microorganisms can affect both 
the synthesis and the decomposition of IAA. Accordingly, it is justified to assume that 
the conditions of sterility influence the occurrence of metabolites of IAA and their 
quantities in various plant organs. 
We earlier reported the presence, isolation and partial identification of one of 
the metabolites of IAA in bean root (KÖVES and SIROKMÁN, 1973). In the present 
work we attempted primarily to prove that this metabolite is indeed formed in the 
bean root, and is not of bacterial origin. It emerged from the experiments that the 
compound is also formed under sterile conditions, and is thus a plant product; 
under non-sterile conditions, however, the amount of the substance isolable is higher 
than in the sterile sample. It was further observed that not only this IAA metabolite, 
but all of the other indole compounds too were present in larger amounts in the 
non-sterile roots. These observations turned our attention to the fact that the non-
sterile conditions also have an indirect effect on the pattern and concentrations of 
the indole compounds extractable with methanol. 
One explanation of the indirect effect may be the cell-exposing action of the 
cell wall decomposing enzymes produced by the bacteria. If our assumption is correct, 
then IAA, the growth-stimulating action of which is connected with the enzymatic 
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loosening of the cell wall, must exert an effect analogous with those of the cell wall 
decomposing enzymes and non-sterile conditions on the extractability of the above-
mentioned compounds. On this basis, experiments were carried out in which bean 
root segments grown in sterile or non-sterile cultures were treated with 1AA. cellulase 
or IAA+celluIase, and extracted with methanol in a completely uniform manner: 
their indole compounds were then chromatographed. and the chromatograms were 
evaluated with quantitative indices. A study was made of whether the cell-exposing 
effect induced by the cellulase preparation or by IAA is a general one, and extends 
to other compounds too, by extracting and measuring the radioactivity incorporated 
in the form of ,4C-labelled glycine in root segments which had been maintained 
under sterile or non-sterile conditions, and treated with IAA or cellulase. 
Materials and Methods 
R o o t c u l t u r e 
Dwarf bean seeds treated with neomagnol and bromine water and sterilized were germinated 
for 6 days in a sterile Petri dish; 2 c m segments were then cut off the root tips and put into liquid 
White medium. The cultures were kept in tne dark at room temperature for 2 weeks. Depending on 
the treatment desired, the sterile roots were next transferred to a fur ther sterile medium containing 
IAA or cellulase. The weight of root mass taken in each sample was 2 g . The enzyme preparation 
was ••Onozuka" p - I -4-g lucanase (EC 3.2.1.4), which was added to the medium in a concentration 
of I %. The IAA (Merck) concentration of the media was 10"* M. 
E x t r a c t i o n of i n d o l e c o m p o u n d s , t h e i r t h i n - l a y e r - c h r o m a t o g r a p h y , 
a n d t h e i r e v a l u a t i o n by U V s p e c t r o p h o t o m e t r y 
For a correct assessment of the experiments, it was absolutely essential that all the samples 
should be extracted under completely identical conditions. The root samples were always homogeni-
zed for exactly 5 min with a four-fold amount of methanol, and extracted for 24 hr. the methanol 
being exchanged on two occassions; the methanolic solutions were combined, cetnrifuged. extracted 
three times with petroleum ether by shakign for 3 min, and evaporated to dryness in vacuum at 40 . 
The thin-layer-chromatograms were prepared on silica gel on 2 0 x 2 0 cm plates with an isopropanol-
-ammonia-water (10:1:1) solvent, identical quantities being taken at every start-point. In addition 
to the extracts, authentic samples too were r u n ; identifications were made on the basis of these authen-
tic samples. E H R L I C H , S A L K O V S K I and P R O H A Z K A colour reactions. UV fluorescence and UV absorp-
tion curves. Values of the extinction or transmission of the peak at 280 nm were used for quantitative 
estimations. UV curves were recorded in the range 200—300 nm with a S P E C O R D UV-VIS spectro-
photometer. All experiments were carried out in triplicate. 
E x t r a c t i o n a n d m e a s u r e m e n t of r a d i o a c t i v i t y t a k e n 
u p by t h e r o o t s in t h e f o r m s of " C - g l y c i n e 
The roots were grown in culture in the previously-described manner. 2 g of the 14-day roots 
was transferred to 15 ml White medium containing 5 jiCi glycine. After 18 hr the roots incubated 
at room temperature (24°) were put into an Erlenmeyer flask with a medium containing I0~* M IAA. 
I % cellulase or no additive. A sterile and a non-sterile variant were prepared from the latter sample. 
A further 24 hr later the ,4Cr-Iabellcd substances were extracted with 20% ethanol. completely identi-
cal conditions being employed for every sample. 
The absorbed and extractable radioactivity was measured in toluene solution with a liquid 
scintillation method, on a Nuclear Chicago ISOCAP—300 spectrometer. A quench correction was 
applied. 
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Experimental results 
1. S t u d y of i n d o l e c o m p o u n d s e x t r a c t a b l e from r o o t s t rea ted 
wi th c e l l u l a s e and with I A A in a s ter i le cu l ture 
The following indole compounds, in order of increasing Rf values, could be 
extracted thin-layer-chromatographically after dissolution in methanol from bean 
roots grown in a sterile culture, identification being performed on the basis of UV 
absorption and fluorescence: (0) an unidentified indole compound, (1) indole-3-
-acetylaspartic acid, (2) tryptophan, (3) indole-3-acetic acid, (4) a partially identified 
IAA metabolite, (5) an unidentified indole compound, an IAA metabolite. 
Of these compounds, 0, 2 and 5 can be found in well-detectable amounts in 
roots grown in media either containing or without IAA, while I and 3 occur only in 
media provided with IAA. Quantitative examinations were carried out on compounds 
2. 3 and 4. It did not prove possible to elute compounds 0 and 1 in appropriate amo-
unts or purities from the chromatograms. From the sizes of the spots in the chro-
matogram shown in Fig. I it is evident that all of the indole compounds are present 
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Fig. I. Thin-layer-chromatograms of indole compounds extracted with methanol f rom bean roots 
grown in cultures under sterile conditions and treated in various ways. 1 : 1 % cellulase; 
II: l O - ' M IAA; 111: 1% cellulase + 1 0 - ' M IAA; IV: untreated control. 0—5: see text. 
in lower amounts in the untreated controls than in the other samples. The quantities 
of IAA (3) and the metabolite (4) increase in the following sequence in the variously-
-treated samples: untreated<cellulase treatment < IAA treatment 
Comparison of the UV curves recorded on the eluates of the spots leads to a 
similar relative sequence (Figs. 2—4). The sequence relating to tryptophan is modified 
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in that the quantitative index (OD value) obtained on IAA treatment is somewhat 
less than in the case of cellulase treatment. Combined treatment with cellulase and 
IAA causes an approximately additive OD increase in the UV curve of tryptophan 












250 3 0 0 3 5 0 • >> 
Fig. 2. Absorp t ion curves in the range 230—350 nm of t ryp tophan (spot 2) eluted with me thano l 
f r o m the ch romatogram in Fig. 1. 
Fig. 3. Transmission curves in the range 230—350 nm of I A A (spot 3) eluted f rom the c h r o m a t o g r a m 
in Fig . 1. 
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Fig. 4. Transmission curves in the range 230—350 nm of the 1AA metabolite (spot 4) eluted with 
methanol f rom the chromatogram in Fig. 1. 
2. S tudy of i n d o l e c o m p o u n d s e x t r a c t a b l e f r o m r o o t s grown 
in c u l t u r e s under s ter i l e and n o n - s t e r i l e c o n d i t i o n s 
Figure 5 presents the results of experiments comparing the effects of sterile con-
ditions, non-sterile conditions, cellulase treatment and IAA treatment on the quanti-
tative and qualitative relations regarding the indole compounds to be found in the 
roots. 
Fig. 5. Thin-layer-chromatograms of indole compounds extracted with methanol f rom bean roots 
grown in cultures under sterile or non-sterile conditions and treated or not treated with IAA 
or cellulase. I—II: 10'« M I A A ; 111—IV: untreated; V—VI: 1% cellulase; I, III, V : sterile 
samples; II, IV, VI : non-sterile samples. 
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The indole compounds in sterile and non-sterile samples do not differ from one 
another qualitatively (Fig. 5). In both samples one finds: (0) traces of a compound 
giving the EHRLICH reaction, wich remains on the start-point, (2) an unidentified 
indole compound, (3) tryptophan, and (4) the already-mentioned IAA metabolite, 
which corresponds to spot 4 of Fig. I. lAA-Asp (1) can betdetected only in roots 
incubated with IAA. The fact that IAA was not detectable in this chromatogram is 
explained in that the incubation time was raised to 24 hr. because of the ensuring of 
the non-sterile conditions. This time is necessary for the multiplication of the bac-
teria to an appropriate extent, whereas the free IAA is totally transformed to IAA-
Asp or other metabolites. 
Estimation on the basis of spot size shows that the amounts of compounds present 
in the non-sterile samples are generally higher than in the sterile ones. This holds for 
all of the indole compounds examined: lAA-Asp, Try and the partially-identified 
IAA metabolite. 
It must be mentioned that while the effects of the various treatments (IAA. 
cellulase) were constant in every repetition in sterile cultures, the effect of the non-
sterile conditions could not be unambiguously reproduced in every case. Thus, in 
certain cases, one or other or even all of the indole compounds give a smaller spot 
and a lower extinction compared to that in the sterile sample. To explain this, we 
suggest that the bacteria entering the medium and multiplying there are not always 
the same, and probably possess different enzyme reserves. Among them, for instance, 
may be some which cleave the glucosidic linkage of the metabolite of glucoside type, 
and as a consequence the metabolite is eliminated from the extract and from the 
chromatogram. 
3. R a d i o a c t i v i t y e x t r a c t a b l e w i th e t h a n o l f r o m r o o t s fed with 
1 4 C-g lyc ine , and treated wi th IAA and c e l l u l a s e . E f f e c t of 
n o n - s t e r i l e c o n d i t i o n s on the m e a s u r a b l e a m o u n t o f r a d i o a c t i v e 
g lyc ine 
Roots grown in the manner described in the preceding points in the experimen-
tal series were incubated with 14C-glycine. and four samples were then transplanted 
into (1) sterile White medium, (2) non-sterile White medium, (3) White medium 
containing 1% cellulase, and (4) White medium containing 10~4 M IAA. The radio-
activities extractable with 20% ethanol after a 16-hr incubation are shown in Table I. 
Table I 
Trea tment c p m m g 
fresh roo t 
% of sterile 
control 
1. Sterile unt rea ted 
2. Non-sterile unt rea ted 
3. I % cellulase 
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The conclusions drawn from the activities measured on the samples are in agree-
ment with what has been said above. The highest activity is to be found in roots 
treated with cellulase, and then, in a decreasing sequence, in the IAA-treated, the 
non-sterile untreated, and the sterile untreated samples. Although the extents of the 
effects of the various treatments differ from those obtained in connection with the 
changes in extractability of the indole compounds, there is agreement in so far 
as all three treatments increase the amount of substance extractable compared to 
the control. 
Discussion 
•One of the essential factors in the connection of auxin and the elongation 
growth is the auxin-regulation of the functioning and synthesis of the enzymes 
influencing the properties of the cell wall. The action of IAA in stimulating pectin 
methylesterase has long been known. More recently, attention has focussed on the 
study of the roles of enzymes degrading or forming cellulose and hemicellulose; 
these make possible cell elongation by loosening of the cell wall and synthesis of the 
materials. There is much indirect and direct evidence that in vitro the auxins affect 
the functioning of practically all the cell wall decomposing enzymes (j?-l,3 and 
P -1,6-glucanase, cellulase, pectin methylesterase, /M ,4-galactanase, pectinase) (TA-
NIMOTO a n d M A S U D A , 1 9 6 8 ; M A S U D A , 1 9 6 8 ; D A T K O a n d M A C L A C H L A N , 1 9 6 8 ; 
LABAVITCH , 1974; H E Y N , 1969; M A S U D A and YAMAMOTO , 1970). 
According to T A N I M O T O and M A S U D A ( 1 9 6 8 ) , of the cell wall decomposing enzy-
mes /M,3-glucanase stimulates the elongation of barley coleoptile segments to roughly 
the same extent as IAA itself, while SHIMODA and YANAGASHIMA ( 1 9 7 1 ) have demons-
trated that auxin-sensitive yeast strains too are enlarged on the action of / J - 1 , 3 -
glucanase. In addition, a further interesting result has been reported: glucanase can 
be inhibited with y-gluconolactone, and this substance also inhibits IAA-induced 
growth. These experimental results prove directly that the auxin effect is mediated 
by the glucanases. 
This is supported in another respect by the experiments of DAVIES ( 1 9 7 4 ) , who 
showed that the elongation caused by auxin in pea epicotyl is proportional to the 
cellulase activity. According to H E Y N ( 1 9 6 9 ) and M A S U D A and Y A M A M O T O ( 1 9 7 0 ) , 
IAA substantially increases the activity of /M ,3-glucanase. The bulk of the glucanases 
is bound to the wall, from which it can be partially released with detergents. In cont-
rast with the above, the work of R U E S I N K ( 1 9 6 9 ) indicates that the auxins influence 
only the extensibility of the cell wall, which does not lead unconditionally to growth. 
In his examination of the question, C L E L A N D (1971) also takes into consideration 
those auxin-induced permeability changes, which may similarly be responsible for 
the favourable modification of the connections between the enzymes and their sub-
strates. Hence, the action of auxin in the loosening of the cell wall is to increase the 
permeability of the plasmalemma for certain enzyme proteins (e.g. various glucana-
ses), and these cause the loosening of the cell wall by penetrating into it (LAMPORT, 
1970). This is also supported by the studies by C O C K I N G (1972) on protoplast, which 
indicate that auxin acts on the plasmalemma. 
From the differences in reaction of the protoplast and the intact cell, however, 
YANAGASHIMA and SHIMODA ( 1 9 6 8 ) conclued that auxin acts directly on the cell wall. 
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Accordingly, the manner in which the auxin effect is manifested in the cell wall 
has not yet been clarified as regards its details, but it is beyond doubt that in many 
objects the auxin effect is mediated by the glucanases. 
This fact leads to the paradoxical situation that if plant matter is treated with 
exogenous auxin, this facilitates the transfer of the endogenous compounds into the 
solvent in the extraction procedure by enhancing the functioning of the cell wall 
loosening enzymes; this creates the impression that the amounts of the substances in 
the cell increase. 
Consequently, as regards its nature, treatment with auxin is accompanied by a 
similar result as exogenous cellulase treatment. 
In our reported experiments this theoretically derivable parallelism was confir-
med in practice too, as the microbial action is also accompanied by cellulase pro-
duction, while the non-sterile conditions too exhibit a similarity with the auxin 
effect as regards the extractability of endogenous substances. In our experiments this 
was demonstrated for indole compounds and amino acids. 
These facts have important consequences from both methodological and theore-
tical aspects. One of these is that, even under sterile conditions, quantitative estima-
tions or determinations based on extraction procedures may be misleading if carried 
out on plants immersed in IAA solution. Caution is particularly called for if relatively 
low differences are obtained in quantitative comparisons of various samples. It 
should be noted that the bulk of our information relating to the mode of action of 
IAA was derived from such examinations. The other conclusion is that in "in vivo" 
investigations undre sterile and non-sterile conditions, if the endogenous compounds 
of the two samples are being determined, an excess in favour of the non-sterile sample 
can not be attributed unconditionally and in its entirely to direct bacterial production, 
but may also be a result of readier extractability accompanying changes in the 
properties of the cell wall. 
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Abstract 
We have performed investigations relating to the possible role of IAA and cytokinins, besides 
gibberellins, interaction with ABA, in breaking the dormancy of T. platyphyllos seeds. F o r the in-
vestigations we have used excised embryos and G A 3 , IAA and kinetin solutions of various concentra-
tions, as well as ABA solutions of 10" ' M and 10~5 M concentrations. It is shown by the results of 
our model experiments that in case of a low (10" 5 M) ABA concentrat ion both IAA and kinetin 
are effective in stimulating germination and reversing the inhibition of radicula and hypocotyl. 
The inhibition of chlorophyll-synthesis, however, cannot be reversed by any of the p romote r s applied. 
In the case of a higher ( 1 0 - 4 M) ABA concentrat ion, only G A 3 is effective in stimulating germination. 
We have investigated also the joint effect of the p romotors applied in the case of 10~4 M ABA 
treatment and established that both kinetin and IAA reinforce the antagonistic effect of G A 3 . This 
synergy between G A 3 and IAA is greatest in the case of a lower (10" 7 M ) IAA concentrat ion, and 
between G A 3 and kinetin in the case of a higher ( 10 3 M) kinetin concentrat ion. Our results achieved 
with excised embryos are also reinforced by our investigations carried out with intact seeds. In case 
of applying all three p romotors jointly the germination percentage may rise to 100 but the length 
of the radicula and hypocotyl does not reach that of the control . The promotors applied cannot 
quite reverse (in the case of op t imum concentra t ion conditions, too) the A B A induced inhibition of 
radicula and hypocotyl growth. 
Introduction 
The dormant fruits and sesed of T. platyphyllos require a chilling period at 5 °C 
breaking dormancy. The isolated embryos, however, germinate quickly on a wet 
filter paper at 2 0 ° C , without any primary treatment (NAGY and SZALAI, 1972) . 
In the course of our earlier investigations we established that the seed of T. platy-
phyllos in dormancy contained a considerable amount of abscisic acid. This inhibitor-
substance content, however, decreases in the course of stratification. At the same time, 
an increase in the amount of the endogenous gibberellins can be observed at the end 
of stratification (SZALAI and NAGY, 1974) . The change in hormonal equilibrium has, 
therefore, a role which is probably important in breaking dormancy. As the exogenous 
gibberellin acid does not cease dormancy at room-temperature, its germination-
stimulating effect can only be effective at 5 ° C (NAGY and SZALAI, 1 9 7 2 ) ; the question 
has been raised that, apart from gibberellins, cytokinins and indole-acetic acid may 
have played an important part in the interaction, as well. We have carried out the 
investigation of a possible part of ABA and other growth regulating substances by 
using excised embryos. 
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Materials and Methods 
We got the material for investigation f rom the Woods and Forests Management of County 
Csongrád. It originated, therefore, f rom trees in a closed stand. We removed the pericarpium f r o m 
the fruits, scarified the seeds with concentrated sulphuric acid and let them swell for 36 hours . 
Then we excised the embryos. Our experiments were set up under half-sterile conditions, with White ' s 
nutritive solution, namely on a filter paper wetted with White 's nutritive solution containing the test 
solution of the required concentration, in a Petri dish. 
Fo r the investigations we used the following concentrations: 
10-4 M and 10"5 M abscisic acid (ABA) (Sigma, USA) 
10- 3 M — 1 0 " ' M gibberellic acid (GA3) (Phylaxia, Budapest) 
10"3 M — 1 0 - ' M indole-acetic acid (I A A) (E. Merck AG. Darmstadt) 
10- 3 M — 1 0 - ' M kinetin (KIN) (Fluka AG, Buchs SG.) 
The Petri dishes containing the excised embryos and illuminated with 6000 Lux were incuba-
ted at 20 °C. The results were evaluated on the tenth day. 
We regarded as germination the first geotropic curvature of the radícula (WAREING and WEBB, 
1 9 7 2 ) . The length of the hypocotyl and radicula was measured in a photoenlarger. The chlorophyll 
content of the leaves of seedlings was determined photometrically using the method of WINTERMANS 
a n d M O N S ( 1 9 6 5 ) . 
Experimental results 
1. E f f e c t s of p lant growth regu la t ing s u b s t a n c e s 
on g e r m i n a t i o n of e m b r y o s 
The embryos coming from seeds in dormancy were kept in White's nutritive 
solution containing 10~6 M ABA. That is the smallest concentration on the applica-
tion of which every embryo remains in dormancy. The effect of GA3, kinetin, and 
IAA in various concentrations, on the germination of the embryos treated with 
10 ~5 M ABA is shown in Fig. 1. 
Fig. 1. Germination of 10"5 M ABA-treated T. platyphyllos embryos, in the presence of G A „ 
IAA, and kinetin of various concentrations. The embryos were incubated at 20 °C, in light 
(6000 Lux), for 10 days. 
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As demonstrated by the results, any concentration of GA3 applied fully reverses 
the ABA-induced inhibition of germination. In the case of kinetin and IAA, some an-
tagonism may be observed, as well, showing its maximum effect in equimolar con-
centration. 
2. E f f e c t s of p lant g r o w t h r e g u l a t i n g s u b s t a n c e s on s e e d l i n g g r o w t h 
The results connected with the growth of seedlings are shown Fig. 2. 
It is quite clear from the data that the growth-stimulators applied not only reverse 
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Fig. 2. Effects of G A 3 , IAA, and kinetin of various concentrations on the growth of radicula and 
hypocotyl of T. platyphyllos seedlings, in the case of 1 0 - 5 M ABA treatment. 
nifests itself, as well. This stimulating effect is most considerable in the case of GA3 . 
In the case of the hypooctyl, however, the situation is different. The inhibition 
of the hypocotyl growth can be fully reversed only by GA3 . Some growth can be 
observed in kinetin and IAA treatments, too, but in these cases the length of hypo, 
cotyl falls far behind that of the control. 
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3. E f f e c t s o f p lant g r o w t h r e g u l a t i n g s u b s t a n c e s 
on the c h l o r o p h y l l c o n t e n t o f s e e d l i n g s 
The ABA induced inhibition of chlorophyll synthesis cannot be fully reversed 
by any of the promotors applied (Fig. 3). 
The maximum effect is shown here, too, by the equimolar concentrations. The 
inhibition of chlorophyll synthesis can be reversed by GA3 in 65.3 per cent, by kine-
tin in 58,9 per cent, and by IAA in 41.0 per cent. 
KIN 
• 10" M IAA*I0"3M GA3' 
IAA 
Fig. 3. Effects of GA 3 , IAA, and kinetin of various concentrations on the chlorophyll content of 
T. platyphyllos seedlings, in the case of 10~5 M ABA treatment. 
4. J o i n t e f f e c t s of G A 3 , k i n e t i n , and I A A on d o r m a n t e m b r y o s 
If we suppose, on the basis of the results achieved so far, that cytokinins and 
IAA, in interaction with ABA, may have had a part in breaking dormancy, then we 
have to take into consideration the fact that these growth regulators are present in 
the seed jointly, and we must, therefore, investigate their joint effect, as well. 
" 100 c — 






IAA + I0~4M KIN<-I0"3M G A3 
„ IAA 4 I0"3M 6A3 
.K IN* loVl IAA*I0~3MGA3 
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Fig. 4. Joint effects of GA 3 , IAA, and kinetin on the germination of T. platyphyllos embryos, in 
the case of 10 - 4 M ABA treatment. 
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The antagonistic effect of kinetin and IAA on stimulating the germination of the 
dormant embryos can only be observed in the case of a 1 0 - 5 M concentration and no 
longer in the case of a 5 • 1 0 - 5 M concentration, and at a 10~4 M ABA concentration 
the germination-stimulating effect of G A 3 is also below 40 per cent. In investigating the 
joint effect of promotors, we used 10~3 M GA 3 , 10~4 M IAA, and 10~3 M—10~ 7 M 
kinetin concentrations, respectively 10~3 M GA 3 , 1 0 - 4 M kinetin, and 1 0 - 3 M— 
10~7 M IAA concentrations. Their effect on the germination of dormant embryos 
is shown in Fig. 4. 
On applying a 10~4 M ABA concentration, GA 3 in itself results in a germina-
tion lower than 40 per cent, even in a 10~3 M concentration. It is shown by the re-
sults that in the joint presence of GA 3 , IAA, and kinetin the antagonism is 
stronger. In reversing the ABA induced inhibition of germination, in these 
cases, the higher kinetin and lower IAA concentrations are effective. As regards 
a tendency, a similar result was also obtained in the cases where we used ki-
netin without IAA, resp. IAA without kinetin, in addition to GA3 (Fig. 4, dotted 
line). Although the joint application of these promotors may in certain cases result 
in the full reversal of the inhibition of germination, the seedlings do not approach 
that of the control in size (Fig. 5). 
Fig. 5. Joint effects of G A 3 , IAA, and kinetin on the growth of T. platyphyllos seedlings, in the case 
of 1 0 - ' M ABA treatment. 
The promotors applied can to a lesser extent reverse the inhibition of the 
growth of radicula than that of hypocotyl growth, but in any case they strengthen 
the antagonistic effect of GA 3 . The effect of IAA on the reversal of hypocotyl-inhi-
bition is stronger if the concentration decreases, but the effect of kinetin, however, 
is stronger if the concentration increases. In reversing the inhibition of root-growth 
the antagonism is strongest in the case of the equimolar concentration of IAA and 
kinetin. 
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In the chlorophyll content of seedlings, too, a striking difference appears bet-
ween plants treated with only GA 3 , respectively with GA3 , IAA. and kinetin jointly 
In the case of GA3-treatment, there is a minimum degree of turning green. The 
inhibition of chlorophyll synthesis ¡s not fully reserved even by a joint application 
of promotors. Most effective is a 10~? M concentration of IAA in the presence of 
I0~3 M GA3 and 10~4 M kinetin (30 per cent). Kinetin is most effective in a 10~4 M 
concentration in the presence of 1 0 - 3 M GA 3 . and 10~4 M IAA (17 per cent). 
Fig. 6. Joint effects of G A 3 . IAA. and kinetin on the chlorophyll content of T. plalyphyllos seedlings, 
in the case of 10" ' M ABA treatment. 
5. E f f e c t s of p lant g r o w t h r e g u l a t i n g s u b s t a n c e s on g e r m i n a t i o n 
o f in tac t s e e d s 
We used a 3. 10~4 M GA3 solution for treating intact seeds, because in our 
previous investigations ( N A G Y and SZALAI. 1972) this had proved to be the most 
effective concentration. We applied IAA and kinetin, too, in a 3 - 10 - 4 M concentra-
tion as our investigations carried out with embryos had shown that synergy is stron-
gest in an equimolar concentration. The treatment was performed at + 2 0 °C and 
+ 5°C. The results, given in germination percentage, are contained in Table 1. 
As shown by the data of the Table, a definite synergism may be seen, in the case 
of intact seeds, as well, between GA3 , and IAA, as well as between GA3 and kinetin, 
in stimulating germination. Similarly as in our investigations carried out with excised 
embryos, the higher germination percentage was found, here too by applying GA 3 
and IAA jointly. That effect, however, manifested itself only at low temperature. 
(Fig. 6). 
/ 
ICT3 I0"4 ICT5 I0"6 I0"7 M 


















- 00 ON 00 
^ 1 
' o o — 
«*> + 
u o 
O r l + 










+ 1 1 









+ 1 1 1 1 1 
I © u 0 
o ri + 










O rs + 1 





w. + 1 ! - -o 




R + 1 





















> > > > 
X X 
54 NAGY, MÁRIA 
Discussion 
By means of these investigations we have tried to answer the question whether 
in breaking the dormancy of T. plalyphyllos seeds auxins and cytokinins whether 
may play a part, apart from the endogenous gibberellins, or from among the promo-
tors only gibberellins bear a part in it. 
There are several data concerning the physiological antagonism between GA 3 , 
1AA, kinetin, and ABA. The results are however, different depending on the object 
to which they are applied. 
In a number of cases, a treatment with exogenous gibberellin acid could be substi-
tuted successfully for one requiring stratification (FRANKLAND and WAREING, 1 9 6 6 : 
AMEN. 1 9 6 8 : BASKIN and BASKIN, 1 9 7 0 ) . In the case of T. plalyphyllos seeds, on the 
other hand, the exogenous GA 3 does not replace the stratification required (NAGY 
and SZALAI, 1972) . Gibberellin was not effective in stimulating the germination of 
Acer seeds, either (WEBB etal. , 1973) . Gibberellin did not promote the ABA-inhibited 
germination of lettuce seeds (SANKHLA and SANKHLA, 1 9 6 8 ) or that of isolated lettuce 
embryos, either (BLACK et al., 1974) , but kinetin was effective. SONDHEIMER et al. 
( 1 9 6 8 ) reversed the ABA induced inhibition of the germination of the isolated 
Fraxinus embryos by combining gibberellin and kinetin. 
The antagonism between ABA and IAA can be observed in some tests, as well 
(WAREING et a l . . 1 9 6 8 : WAREING a n d RYBACK, 1 9 7 0 ) . SANKHLA a n d SANKHLA ( 1 9 6 8 ) , 
on the other hand, found IAA ineffective on the ABA-inhibited germination of 
lettuce seeds, as well as SONDHEIMER and GALSTON ( 1 9 6 6 ) in the case of Fraxinus 
ornus and Fraxinus americana embryos. 
On the basis of our results we suppose that in ceasing the dormancy of T. 
platypliyllos seeds, and in changing the hormonal equilibrium, the increase in gibbe-
rellins produced or activated during stratification is most decisive but in forming 
the promotor level, apart from gibberellins, IAA and cytokinins, which strengthen 
the antagonistic effect of gibberellins against ABA, may have played a considerable 
part, as well. 
Our model experiment refers also to the fact that in changing the hormonal 
equilibrium the increase in the amount of promotors is not enough. Under natural 
conditions, a decrease in ABA content must follow, as well, because in the case of 
a high ABA content the promotors that can be taken into account cannot fully re-
verse the inhibition the growth of radicula and hypocotyl, even in case of optimum 
concentration circumstances. The failure of the exogenous hormone treatment at 
room temperature can probably be explained by that fact that a decrease in ABA 
content only comes about at a low temperature. 
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Abstract 
A study was made fo the curative effects of a peat-bog mud (at Héviz, Hungary). It was found 
that, during the treatment of patients, the mud becomes richer in total nitrogen and mainly binds 
protein compounds. It was shown that the medicinal mud contains appreciable biologically-active 
substances, and also exhibits a bactericidal effect. The solid structure of the mud is a network of 
plant tissue remains, covered with humates, which possesses a high adsorption-capacity. The nitrogen-
and carbon-, as well as organic-matter content of the medicinal mud of peat-bog in the lake at 
Héviz and its drainage channel considerably differs from (is smaller than) that of the peaty soil of 
the environment, not covered by thermal waters (the C : N ratio is above 30). This particular combi-
nation, poor mainly in nitrogen, is due to the eluating effect of the rushing up and ceaselessly stream-
ing thermal water. In a case like this, N is completely bound, immobile, cannot be drawn even by 
bacteria. The bacterial content of mud is, therefore, very small. 
The total N-content of the muds already used to packing therapy is 27 per cent higher and its 
soluble total protein concentration grew seven to one. By thermal mud, therefore, some N compound 
of considerable quantity is eluated from the surface tissues of man and bound. This phenomenon 
may be regarded as one of the cause of the curative effect of mud. 
The growth of roots of the germinating seeds was stimulated 100 to 500 per cent by the aqueous 
extract of mud. The thermal mud therefore contains considerable biologically active substances that, 
getting in through the surfaces treated, may be the second main cause of the curative effect. 
It was established by the aerobic method of agar-diffusion that a third curative effect of our ther-
mal mud is its bactericidal effect. 
By means of microscopic investigations the solid, organic frame of mud turned out to consist 
of reticular vegetable structures of large surface covered by a mantle of dark humic acid. The remark-
able adsorptive capacity of the mud at Héviz that may similarly be classified into its mechanisms of 
curative effect is guaranteed by the humic acids and this reticular-spongious structure. 
Introduction 
The lake bath at Hévíz and the indications of mud therapy became Known most 
widely by the chronic locomotor diseases and the rheumatological treatments res-
pectively. 
The peaty medicinal mud at Hévíz, as established by BREZNAY (1970), is a natural 
mixture of various kinds of mud. The author describes in detail the origin, classifica-
tion, physical and chemical state of mud. 
As regards balneotherapy, it was established by STRECKER (1970) that — in 
contradistinction to the exact medicine — it was considerably founded upon empirism 
and complexes to be analysed but with difficulty. In his opinion, the good "cure-
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effect" as described in the final reports is generally accepted by clinicians only with 
reservations because the question arises: "What was effective?" 
In literature, radioactivity, sulphuric content, an other inorganic cations and 
anions have primarily a part as the effective agents of thermal water and, partly, of 
mud too. 
But the question may arise, particularly in case of mud. if radioactivity, sulphuric 
content, and other mineral salts primarily exert and activating effect or they simply 
increase the effect, their role being therefore to be considered as an additional factor. 
According to our knowledge up to date, in the mud at Hévíz the effective agents 
are contained in a higher concentration than in the thermal water. At any rate, if 
we can analyse some of the curative mechanisms of muds, the result will supposedly 
be valid for the thermal water, too, that is in a permanent contact and interaction with 
the mud. The biological background of mud formation is already clarified bv Z S I R A I 
and S T E C K E R (1970). 
After spreading and success of the molecular biology, however, attention follows 
more and more the organic macromolecules that are much larger than the inorganic 
molecules. It is highly probable that the intensive healing effects of the mud at Hévíz 
are provided for, as well, by the macromolecular organic matters resp. the effects 
of those activating and regulating solubility, transport of electrons, permeability, 
and mobility, together with the inorganic compounds. 
The aim of our present experiment is to investigate some of the details of the 
elementary structure of the peat-bug muds at Hévíz, and its free amino acids from 
among its macromolecular, resp. organic matters, as well as its soluble total protein 
content. 
From the data of germinating seeds in the mud extracts, we are striving to clarify 
if the medicinal mud has some biological activity. Whether or not it stimulates grow-
ing by elongation in the oat-coleoptile test? 
We are studying the aerobic and anaerobic bacteria of muds. We are examining 
if the mud has a bacteriostatic effect. 
We are trying experiments to discover the protein-binding capacity of the medi-
cinal mud. Wc are investigating the microscopic solid frame, resp. the inorganic and 
organic structure of the mud. 
Materials and Methods 
The sampling site of the medicinal muds at Héviz is: I = the mud produced industrially f rom 
the drainage channel 200 m from the lake, dried and pulverized. This powder is used for treatments, 
af ter due dilution and healing. 2 = the natural, ,'"wet mud" , taken f rom below water, similarly f rom 
the drainage channel, at the same place as before. 3 = wet mud already used for packing treatment. 
4 = the natural, wet mud taken f rom the Lake at Héviz, north from the spring. 
The analyses were carried out f rom finely pulverized muds dried at 70 C till constant weight. 
The organic matter was weighed after being heated (at 500 °C) in oven for five hours. The carbon 
content was counted in the organic matter, according to FEKETE el at. ( 1 9 6 7 ) . 
For total nitrogen it was lysed according to Kjeldahl. Then, applying protective colloid, we 
measured the colours of Nessler's reaction by means of a spectrophotometer. 
At determining the soluble total protein, it was homogenized with tris ^ HCI buffer — at 7.5 pH 
value — and cleared with repeated centrifugáljon. At the turbidimetric determination of proteins 
( C O L O W I C K and K A P L A N . 1 9 5 7 ) , the data obtained with potassium ferricyanide. TCA and sulphosali-
cylic acid were averaged. The soluble proteins were measured according to L O W R Y el al. ( 1 9 5 1 ) . as 
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well, with Folin 's phenolic reagent. The results were reduced on the basis of the dry-matter content 
of the wet muds. 
The amino-acid content turned out to be extremely small, the extraction was, therefore, carried 
ou t f rom 3.0 g dry matter of muds. Extraction took place with 20 per cent ethanol . We have applied 
development retarded by coolling and a solvent: butyl a l coho l—ace t i c acid — water (3 :1 :1 ) , work-
ing with ninhydric development and copper-ni tr ic fixation. Identification and quantitative determina-
tion were carried out by the universal s tandard method (PÁLFI el at. 1972), o n the basis of cadmium-
ninhydric colour reaction, by means of a spectrophotometer . At making the thin layer, cellulose pow-
der M N 300 was used. 
The mud extracts were examined by the co-work of R. NEHÉZ, with an automat ic amino-acid 
analyser of type "Biocal BC 200" . as well, but all the free amino acids, being present but in a small 
quantity, became disadsorbed. T h e demonstra t ion is iherefore negative. The results of the mud pro-
teins hydrolysed with 6 N hydrochloric acid, obtained by means of an automat ic analyser, have 
aggreed with ou r total protein data, the details a re therefore not published here. 
At the biological activity experiments 10 g dry pulverised mud was weighed in. homogenized 
with quar tz sand, in a braving mortar with 30 ml distilled water, fo r half an hour, and cleared with 
repeated centrifugation. In the course of germinating the seeds, the filter paper of the Petri dish was 
moistened with extracts obtained in this way. Extracts like these were used in case of investigating 
the Avena-coleoptile elongation- and bactericidal effects 
At the bacterial investigations, completed solid meat-food agar was used, and every method 
was carried out according to FERENCZY and ZSOLT ( 1 9 7 1 ) . The test-bacteria were obtained f rom 
them. too. 
Our analyses were performed in 3 to 5 repetitions and the average results of these are published. 
If the data of repetitions had differred more than ± 5 per cent f rom the average result (dispersion), 
the whole analysis was repeated. 
Experimental results and their evaluation 
The medicinal mud of the peat-bog at Hévíz is produced from the drainage chan-
nel of the thermal water rushing up into the lake (200 m from the lake). The soil of 
the channel and the environment is 6 to 7 m thick peat, getting mud from the lake, 
too, streaming together with the thermal water. Some data on the composition of 
the muds in the lake and the drainage channel are shown in Table 1. 
It is to be seen from Table 1 that the organic-matter amount of the peat-bog 
muds is not large and that the organic-matter content of the mud in the lake — as 
compared to the mud of the drainage channel — is approximately 20 per cent smaller. 
The lowest value in total nitrogen, too, is given by the mud of the lake. It may 
be established, anyway, that all the medicinal muds of the lake at Hévíz are generally 
very poor in nitrogen. The strong affinity (binding capacity) of the "thermal muds" 
at Hévíz for the compounds of nitrogen content may be an extremely considerable 
factor, reflected by the high C : N ratio of Table I. as well. In case of a C : N ratio 
as high as this, the nitrogen of the medium cannot be taken up even by bacteria, that 
is to say, it is quite immobile ( F E K E T E et a!., 1 9 6 7 ) . 
The total protein content of the thermal muds at Hévíz is quite small, as well. 
An exception is alone the mud already used for packing treatment, containing seven 
times more protein than the starting matter, i.e. the pulverized medicinal mud. These 
proteins are eluated by the mud in the cousre of the treatment from the surface tissues 
of the man. The nitrogen deficincy and affinity of the peat-bog muds at Hévíz is, 
therefore, very high. The protein eluation by the mud from the human organism may 
be regarded as one of the causes of the curative effect. 
It turned out at the exploratory streaks of paper chromatography that free amino 
acid, as well, is only contained in traces by the muds at Hévíz. We have started, there-
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Fig. 1A Free amino acids of peal-bog m u d ; originating from the lake al Heviz and the drainage 
channel. 
1,11, and VI: Comparative amino-acid standards. 
II I: Amino acids of the pulverized mud, industrially produced from the drainage channel and 
dried. 
IV: Natural, wet mud. produced f rom the drainage channel. 
V: Mud already used for medical (pack) treatment, evacuated to the lake for regeneration. 
I: Leu-i-lle: 6: Pro; 12:Ser-
2: P h e - T r p ; 7: Ala: 13: Asp ; 
3 : V a l ; 8: Thr : l 4 : A s n - H i s ; 
4: Met ; 9 : Glu ; 15: Lys; 
4 / a : y — A m b ; 10: Gly; 16: Cys (I-i-II); 
5 : T y r ; I I : Gin ; 
Fig. IB Free amino acids selected at the surface of the human dermal tissue and the "amino acid 
composition of vegetable type". Numeration is the same as in figure I. 
I : Spinach leaf, fresh, well-watered. 
II : Water-deficient spinach-leaf. 
I l l : Human dermal tissue. Sampling took place by washing the surface. 
IV: Savoy leaf, fresh, well-watered. 
V: Savoy leaf, strongly water-deficient. 
VI: Washed amino acids of human dermal tissue. 
Fig. 1C Composition of amino acids washed from the 2 sq.cm surface of a natural, living human 
dermal tissue. 
Two-dimension thin-layer chromatogram. Numeration is the same as in figure I. 
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fore, from dry matter of much larger quantity than it is usual in case of vegetable 
samples. As the mud, in the cousre of packing, touching human dermal tissues, is 
getting into interrelationship with them, we have washed samples (with water and 
brush) from the surface of the living, human dermal tissues, as well, that is from the 
epidermis, for the purpose of amino-acid analysis. There were elaborated vegetable 
samples, as well, for being compared. (Fig. I, A, B. C.) 
In chromatogram "A" of Figure 1, there are applied three kinds of standard 
amounts (stripes I, II, and VI). But the mud-extracts (stripes III, IV, and V) did 
not achieve the lowest-standard total amino-acid amount (15 ng), either. 
A comparatively higher amino-acid concentration was shown by the wet mud 
of the drainage channel of the lake at Heviz what is due to the meeting of three con-
ditions: 1 =the hnman skin surface: 2=the bath-water and mud respectively: 3 = very 
much urea. 
The water is quasi cleansed by the mud disturbed by bathers. That is to say, the 
mud is binding organic compounds and microorganisms at its active surfaces, de-
posing in the drainage channel in that way. 
From the mud the following amino acids could be demonstrated: leucines iso-
leucine, valine, methionine, y-aminobutyric acid, proline, alanine, glutamic acid 
(the most, together with alanine), glycine, serine, aspar-tic acid, and lysine. The 
amino-acid spectrum of the thermal mud at Héviz (Fig. I/A, III, IV, V) turned out. 
by the help or stripes I and IV in Fig. 1/B. to be similar to that of the plants grown 
under optimum conditions, its composition (origin) being therefore "of the same 
type as that of the higher plants". However, the qualitative composition is only similar 
as in case of muds we departed from thirty times more substance than in case of 
plants. The leaf of plants is rich in free amino acids at which, owing to water defici-
ency, the protein-synthesis is stagnant. (Fig. 1/B, stripes II and V.) At the same time, 
the amino-acid synthesis — as a defensive reaction — becomes stronger (PÁLFI, 1968: 
P Á L F I el a!., 1 9 7 3 , 1 9 7 4 ) . It is to be seen on stripes III and VI of Fig. 1 / B that the 
amino acid of the most quantity was obtained by washing from the living, human der-
mal surface and this composition is quite complete for the protein syntheses, as well. 
According to our measurements, from the surface of the living human dermal tissue 
of a man, on the occasion of a single bath taken, on the average more than 2.0 
grammes free amino acid is dissolved and lost in five minutes. In an hour, however, 
this loss may amount even to 6 to 10 grammes (according to the level of protein 
nourishment). On the other hand, the thermal water becomes richer in compounds 
of nitrogen content (amino acid and urea). A change in the composition of organic 
matters and microflora — that are "stable" for a long time and provide for the 
curative effect of the thermal water —- can just be induced by becoming richer in 
nitrogen and shifting (degrading) the C:N rate in that way. It is therefore unadvisable 
to augment the number fo bathers in the lake considerably (by normal bathing 
tourists). A "free open-air bath" fo considerable surface would be worth while to 
be developed from the drainage channel of the thermal water. 
According to the spectrophotometric measurements of the cadmium-ninhydrin 
colour-reaction, most amino acid is found in the wet mud got from the drainage 
channel (86 mg/kg dissolved from the bathers). The amino-acid content of the mud 
dried and pulverized industirally is lower (52 mg/kg) as some of the amino acids 
are bound by the aerobic bacteria. Lowest is that of the mud used for packing (strong-
ly aerated) and that of the anaerobic, wet mud of the lake at Hévíz (equally 31 mg/kg). 
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The free amino acids of the organic matter of some soils were investigated by 
F I L E P and T A T Á R (1974). The results obtained by them are fairly agreeing with our 
amino-acid amounts demonstrated from the peat-bog muds at Hévíz. 
In Fig. I/C, the spectrum of some amino acid washed from the epidermis of a 
2 sq.cm living, human dermal tissue is to be seen, at a two-dimensional layer-chro-
matogram. It can be established from the figure that at the epidermis of a well-nourish-
ed man a very considerable quantity of amino acid is secreted. 
In the course of the germination of seeds a very intensive metabolism and rapid 
growing are taking place. The effects of the environmental factors and among them 
those of the biologically active substances are therefore sensitively indicated by the 
germinating Dlants. 
In Fig. 2/A and B, white mustard, resp. lettuce plants are to be seen after germi-
nating for four days. The five plants on the left have germinated in the medium of 
mud extract, and the five plants on the right did it in running tap water (controls). 
Fig. 2A Measurement of biological activity in the course of germinating white mus ta rd (Sinapis 
alba L.). The five Plants on the right were germinated in tap water, and the five plants on 
the left in a medium of aqueous m u d extract. In the elongating growth of roots, 400—500 
per cent stimulations was achieved with mud extract. 
Fig. 2B Growth-st imulat ing elfect of the extract of peat-bog mud on the germinat ion of lettuce 
(Lactuca sativa L.) seeds. The five plants on the left were germinated in the extract of mud, 
resulting in 100 per cent root-growth st imulation. T h e five plants on the right a re wet 
controls. 
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From Fig. 2 we can establish that in the extract of the peat-bog mud a 100 to 500 
per cent promoted root growth was materialized! This biological activity is the second 
cause inducing the curative effect. And the metabolism-stimulating matter may have 
been a humic-acid derivative as in the organic matter of the peat-bog mud at Hévíz 
about 10 to 15 per cent total humus was contained (FEKETE el al., 1967). 
ZIECHMANN and PRZEMETCK ( 1 9 6 4 ) were investigating on root meristem the 
effect exerted by natural and artificial humic matters on root-growing and phosphatase 
activity. The authors demonstrated a considerable stimulation of growing. 
SÍPOS el al. ( 1 9 7 4 ) investigated the flat bog-peats at Keszthely and established 
that in case of a pH value lower than 3.0 humic-acid aggregates are present. At 
a higher pH value these aggregates decompose. It follows from that that the extract 
of the peat-bog mud at Hévíz that is showing 6.8 pH is mainly the aqueous solution 
of monodisperses of smaller molecular weight. 
According to BUTLER and L A D D ( 1 9 6 9 , 1971) , the intensity of the proteolytic 
enzyme-acitivity is considerably influenced by humic acids. And in this respect the 
molecular weight of the humic and fulvic acids manifest itself as a regulating factor. 
We have investigated the microflora of the peat-bog mud at Hévíz, as well. 
There were produced pure aerobic cultures by means of surface-streaking isolation. 
The aerobic bacterial flora turned out soon to be extremely poor in species. 
Colonies were only formed by Bacillus megc. hum. Bac. cereus var. mycoides. Bac. 
subtilis, and Sarcina lulea. All these are saprophytic, proteolytic, typical aqueous 
bacteria. The colonies of an unknown bacterium from among the species multiplying 
in the presence of air were isolated, too. This bacterium of giant size, whose length 
attains even 20 to 24 p, is Gram-positive, sporular, and capsulated (Fig. 3). It proved 
to be an involutional, degraded species. A total aerobic bacterial germ-counting was 
Fig 3 Microscopic picture of the u n k n o w n aerobic bacterium. Gram-posi t ive staining. The division 
in tens of the ocular-micrometer corresponds to 8 j i . They are large-sized, spore-bearing, 
capsular bacteria, wi thout independent movement. Their colony is butteryellow, bright. 
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also carried out, demonstrating 22 thousand, reckoned over into 1 eramme dry mud. 
This number is extremely low and may have been a consequence of nitrogen deficiencv 
in the mud. 3 
It was examined, similarly in aerobic cultures, if the extract of the peat-bog 
mud at Heviz had a bacteriostatic effect. As test-bacteria were used Staphylococcus 
aureus and Escherichia coli. As compared to streptomycin (25, 50 and 100mg/l.), 
the mud extract was during two days only weakly bacteriostatic. But at cultures of 
four days the mud turned out to have a quite considerable bacteriostatic effect 
(Fig. 4, "A" and "B"). That may be a second main cause in inducing the curative 
effect of the mud. 
Fig. 4A 
Fig. 4B 
At multiplying the anaerobic bacteria, three were applied deep inoculations into 
the solidifying culture media and the withdrawal of oxygen was provided for with 
some strongly alkaline pyrogallol (in a closed space). 
It is shown by figures 5/A and B that a lower number of anaerobic colonies are 
formed by the industrially produced, pulverized mud and the mud already used 
for packing, and that their metabolism is lower, as well, as they don't develop anv 
gas. These two kinds of mud have communicated and mixed with air and that is not 
favourable for the multiplication of anaerobic bacteria. The anaerobic inoculations 
of mud samples got from below the thermal water (Figs. 5/C and D) formed more 
colonies than the others before, with an extremely strong gas development. The 
culture medium was disrupted, squashed by the gases (mainly CO,) produced in the 
course of the bacterial metabolism. There could be observed a similarly strona 
gas generation after moving or treading the mud in the lake. In the anaerobic muds 
(under water) hydrogen sulphide occurs but in traces: even the highly responsive silver-
A B 
Antibacterial effect of ihe mud at Héviz. The culture medium was uniformly covered by the 
colonies of Staphylococcus aureus after inoculation with surface streaking The there 
left upper cavities were filled in with streptomycin solution: 25, 50 and 100 mg I (control) 
and the three right lower ones with mud exrtracs, Photographine in side-light The mud-
--xtracts diffused out of the cavities, innibited the development of bacterial colonies at a 
considerable surface. 4-day old cultur. 
Bacteriostatic effect of the" peat-bog mud at Héviz. The 4-day od Escherichia coli culture 
was illuminated from below. 
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sulphide test is not functioning with its quantity. Under aerated conditions that can, 
of course, be modified (in the course of mud production and packing). 
In case of anaerobic bacteria more species can have a part than in case of aerobic 
ones. The leading figure was genus Clostridium. 
A B C D 
Fig. 5. Virulent anaerobic bacteria in the medicinal mud at Héviz, in case of excluding air. Non-pure 
cultures. Test-tube " A " was inoculated, with industrially produced pulverized mud, test-
tube " B " with mud already used for packing. These two samples were already mixed with 
air for a long time (The grey colonies are to be seen inside the agar). 
" C " and " D " are samples obtained from below the thermal water of the lake and drainage 
channel respectively, that is under anaerobic conditions. The culture medium has been 
inflated, smashed by the gas generated during the intensive metabolism. 
A first-rate restricting factor of a higher-class multiplication of the anaerobic 
microorganisms are the strong nitrogen deficiency of the mud and consequently the 
extremely high C : N rate (Table 1). The considerable stability and evaluative curative 
effect of the composition of the chemicals and among these mainly the organic matters 
of the mud at Hévíz are provided for just by this high C : N ratio, as well as by the 
few fluctuations in the temperature of the thermal water and in the quantity of its 
dissolved substances. An increase in the nitrogen level of the thermal water and mud 
respectively can be released, for instance, by a considerable increase in the number 
of bathers in the lake that considerably increases the concentartion of the free amino 
acids and peptides solved from the dermal surfaces, as well as that of the urea and 
organic nitrogen compounds and by evacuating the muds used for packing into 
the lake. Then the C : N rate changes, it may decrease strongly. 
The counting method of t i e anaerobic bacteria at Hévíz would demonstrate 
not the real vital functions but only the presence of spores in a large quantity. We 
did not deal therefore with that. 
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We have also examined if the extract of the peat-bog mud at Hévíz is containing 
some matters stimulating growing by elongation, like indole-acetic acid (IAA). 
It is known that IAA originates from a protein forming amino acid, tryptophan. This 
amino acid, however, could not be demonstrated from the mud. The length of oat 
coleoptiles germinated without light (etiolated) and decapitated will be extended by 
IAA 30 to 40 per cent, if floated in its solution for 24 hours. And a similar effect 
may be elicited by some steroid hormones, too. 
The concentrated solution of the mud extract was investigated pure and combined 
with IAA, with I0~5 Mol solution of IAA and a control with distilled water, and later 
the effect of its avriations in 2-, 4-, 8-, 10-, and 20-, 50-, 100-, 200-, and 1000-fold 
dilutions. We have established that the mud-extracts do not show (even in traces) 
any hormonal activity for stimulating growing with elongation. 
It is proved by the negative results of the oat coleoptile test that the stimulation 
of root-growth by the mud extracts in the course of the germination of seeds was 
not founded on growing by elongation. 
We were also striving to clarify if there is shown such a high affinity and binding 
capacity in respect of certain compounds by the peat-bog mud at Hévíz, as it was 
already reported on in case of the peat at Keszthely, Small-Balaton, and at other sites. 
( F E K E T E , 1 9 5 2 ; B É L Á K et al., 1 9 7 0 ; L A K A T O S et al., 1 9 7 4 ; S Í P O S et al., 1 9 7 4 ; S Z A L A Y 
et al., 1 9 7 4 ; and 1 9 7 5 ) . The authors are attributing the high-level adsorptive capa-
city of peat-bogs to the humic acids. 
In our experiment, we have measured the known quantitites of "bovine serum 
albumin" and admnistered these to the muds, incubating them at 40 °C for twenty 
minutes. Then we measured back the soluble total protein quantities from the mud. 
It can be estabilished fromTable 2 that the protein-binding capacity of the peat-
bog mud originating from the lake at Hévíz is quite great. There could demonstrated 
only 1/10 to 1/4 part of the total protein quantity admixed to the mud artificially. 
The larger part of the protein quantity admixed to the mud was strongly bound by 
the humic acids and the solid frame of mud. Our results are confirmed by the work 
of others, as well. K L Ö C K I N G ( 1 9 6 7 ) was also studying the protein-binding capacity 
of humic acids and demonstrated in vitro an extremely active complex-forming and 
adsorptive effect. 
S O G I N O V ( 1 9 6 1 ) revealed some peculiarities of the "humoprotein-complexes", 
too. The new method of obtaining water-soluble humic acids from the soil was 
published by M Ü C K E and K L Ö C K I N G ( 1 9 6 6 ) . There were also elaborated some meth-
ods for isolating the protein compounds of humic acids originating from the soils 
( S I M O N A R T et al., 1 9 6 7 ) . 
From Table 2 we may come to the conclusion, as well, that the 7.0 mg protein 
demonstrated by L O W R Y et al. ( 1 9 5 2 ) with Folin's phenolic reagent may correspond 
to 40 mg, in case of the mud used for packing (Table 1). In course of packing, a 
considerable number of protein-like compounds, streaming from the human organism, 
are bound. 
The curative effect of mud pack may take place according to the following 
mechanism: as a result of the considerable local heat effect of the hot mud pack the 
pores of skin quite open. The blood- and oxygen-circulation, as well as the nutrient-
metabolism of the treated part of tissue, increase many times (at the expense of other, 
non-activated body parts). 
The water-soluble and salt-soluble humic acids, available in great superabun-
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dance (in perspiration a large quantity of sodium salt is secreted) as exchange-electro-
lytes are passed down by the mud through the dermal tissue towards the interior. 
The metabolism continues to be accelerated by the humic acids and derivatives hav-
ing got into the surface tissues as biologically active compounds that have a consider-
able electron-surplus. 
According to BÉLÁK el at. ( 1 9 6 9 , 1 9 7 0 ) , LAKATOS el al. ( 1 9 7 4 ) , and S Z A L A Y el al. 
( 1 9 7 4 , 1 9 7 5 ) , as well, peats have reducing particularity that is to say, they have a 
part as electron-donors. 
The humic acids streaming into the tissues, and other concomitant inorganic 
and organic compounds, may increase (disintegrate) the degree of dispersity of 
"foreign proteins" that is of antigen-antibody aggregates deposited in the painful 
joints and then, as protecting colloids they promote solution and hydrophilism in 
colloidal way. Then passing some of their electron-surplus to the protein aggregates, 
they initiate their mobilization. Consequently, the own "reacted" electron transport 
of the so far chemically indifferent protein aggregates of damaging effect can start 
again. The streaming of proteins already in motion and having an electron-structure 
towards the dermal tissues may also be promoted by that the damaging protein-like 
compounds — that with the perspiration components are approaching the surfaces 
— are almost "attracted" by the nitrogen-affinity of the mud and bind those after 
forming biocomplexes with them. These suppositions, founded on our results, are 
supported by Breznay's ( 1 9 7 0 ) experiences and publication, as well. According to 
S Z A L A Y el al. ( 1 9 7 4 ) , the sorptive properties of the peat sample may be compared 
in qualitative way to a "cation exchanging synthetic resin" that contains carboxylic 
groups on a poly-aromatic frame, and is available at shops. 
The healing of the wounds, ulcers and scleroses of the chronic inflammatory 
tissue regions of famela patients are just promoted by aqueous extracts, press juices, 
and squeezes of muds. In the part-mechanisms of healing the bacteriostatic effects 
proved by us and the physiologically active matters of the muds of Hévíz, resp the 
electrostatic humic acids and their derivatives may be responsible. 
The beginning, development, and composition of the peat-bog mud in the 
medicinal lake and its drainage channel considerably differs from the properties of 
the peats in this region in the country (Table 1). The standing communication of mud 
with the "thermal water" (heat transmission), their close physical, chemical (high 
C:N ratio, resp. the immobile nitrogen content), and biological interactions, as well 
as the anaerobic conditions are to be considered as a difference-inducing considerable 
conditional impact. In the latter species a characteristic and stable microflora com-
bination is ensured. The continuous moving of mud by the flowing thermal water, 
its stirring by bathers, as well as the rather strong squirt of the thermal spring, 
throwing up the muds that obstruct its mouth and spreading them again over the 
whole lake: all these proved to be essential. 
We should like to clarify, as well, what kind of solid structure these mud compo-
nents of a strong adsorptive capacity in fact have. For this purpose, the pulverized 
mud industrially produced from the drainage channel at Hévíz and that of brought 
to the surface of the lake was examined with microscope. We are presenting here 
some of the many hundred microscopical photographs (Figs. 6/A, B, C, D). 
In the pictures of figure 6, the remains of vegetable cell frameworks, resp. 
parenchymal cells (A and C) as fenestrated reticula and spongy-porous matters of 
large surface are to be seen. In the upper part of figure 6/B long cells of thickened 
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Fig. 6A The plant-originated solid structure of the mud at Heviz. Parenchymatous tissue. xl500. 
Dark organic compounds, humic acids are bound by the f rame of cellular pattern at its 
surface. 
Fig. 6B Microscopic remains of the solid structure of mud. At the surface a lengthwise running 
conductive element of thickened wall, some filamentous green alga, as well as an inorganic 
amorphous detail, too. are to be seen. xl500. 
Fig. 6C In the middle there is some clay-mineral, at the surface with dark humic-acid compounds 
bound. Below : parenchymatous cells are as a cellular net-pattern. xl500. 
Fig. 6D Epidermal-tissue cuticle of the leaf of a higher plant with the characteristic cones. T o 
its surface, inorganic, amorphous granules are adhering. xl500. 
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wall, i.e. details of conductive tissues appear, and in the lower part filamentous algae. 
(Fig. 6/D)=Cuticle of leaf with pins. In each of the pictures in figure 6, mineral 
dark, amorphous details are also to be found. It may be established that these solid 
structures themselves can function as filtering networks if they are stirred up in the 
covering water. 2/3 part of the volume of mud is formed by some structures of vege-
table origin like these. The specific weight of this moving microdetritus is only a 
few decimals larger than that of water, and the specific weight of the mineral sub-
stances is 2 to 3. These fragments of cells and tissue-networks, too, have a part in 
developing the strong adsorption opposite to foreign matters. In addition we may 
find plenty of filamentous green algae and Diatoma, as well as the pollens of mono-
and dicotyledons in the mud. The inorganic constituent of the peat-bog mud is either 
an amorphous or an in its majority crystalline granule. The inorganic and organic 
structure-components appear "pure" only rarely. At their surfaces they often bind 
coloured substances that are mostly not or hardly water-soluble, bacterial metabolic 
products, and mainly humic acids. The colour of structures is therefore dark. 
The extraordinary efficaciousness of the peat-bog mud at Hévíz, able to adsorb, 
bind the compounds of organic resp. introgen content, is ensured apart from its 
peculiar chemical composition (its humic acids, resp. active substances) by this net-
like and spongy microdetritus-structure of vegetable-tissue origin. 
Finally, it is to be mentioned that the thermal water is continuously mixed with 
the mud dissolving the substances of that. The thermal water and the curative active 
agents of the peat-bog mud are, therefore, in a standing interaction with one another. 
It follows from that that during the balneoligical treatment, as well, there are mostly 
the same matters that are exerting their influence — possibly in another concentration 
than in the time of mud pack. The differences between the agent-quantities are anyway 
balanced by that the whole body surface is in junction with the medicinal water 
(except for the head) and the duration of impact on it is much longer, too, than in 
case of mud pack. 
The daily alternation of balneological and mud treatments is presumably effi-
cacious for that reason. 
Table 1 
Peat-bog mud samples got 
f rom below the lake at 
Hévíz (Medicinal muds) 
Flat peak-bog 










In the percentage of 
the dry matter 
rate 
The industrially produced, dried, and 
pulverized mud f rom the drainage 
channel 51,3 24,1 0,72 33.4 1,1 
Wet mud got f rom the drainage chan-
nel ( f rom the site of product ion) 51,5 24,2 0.76 31,8 1,5 
Wet mud. already used for pack treat-
ment 52,1 24,5 0,92 26.6 7,0 
Natural , wet mud got f rom the lake at 
Héviz north f rom the spring 42,6 20,0 0,70 28,5 1,0 
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Table 2 
Protein quanti ty 
port ioned to 1 g of 
mud (dry matter) 
mg 
Demonstra ted by 
nephelometry 
Measured by Fol in ' s 
phenolic reagent 
soluble total protein 
2 1.1 1,2 
5 1,2 1,3 
10 1.8 2,0 
20 4,2 4.5 
40 5.6 7.0 
80 18.3 20,1 
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A N D Y O U N G S H O O T S O F R I C E 
ILDIKÓ TÓTH a n d F . ZSOLDOS 
Department of Plant Physiology. Attila Jdzsef University. Szeged 
(Received May 20, 1975) 
Abstract 
The effects of two herbicides for rice: the Saturn—50 (benthiocarb) and the S y n p r a n — I I I 
(2, 4, 5 — T + D C P A ) on the N a * and K* activated ATP-ase of roots and young shoots of rice were 
investigated. The summary of our experimental results is as follows. 
1. The activity of the enzyme prepared f rom plants which were grown in a water-culture containing 
5 -10~*—10- ' M herbicide was compared to control values: it can be stated that the root-ATP-
ase became 50 per cent more active under the influence of 10~* M Saturn—50, while the 10" ' M 
Synpran—111 resulted in a stimulation of 40 per cent. The basic activity was inhibited by the 
5. i o - ' M Saturn—50 by more than 70 per cent, and by the Synpran—111 of a similar concentra-
tion it was decreased approximately by 80 per cent. 
2. In the case of root ATP-ase of rice preincubated with 5 - 1 0 _ * — 1 0 - 1 0 M Saturn—50. the 10-« M 
Saturn—50 casued an increase of about 50 per cent in the activity, the 5- I 0 _ J M concentrat ion, 
however, inhibited the enzyme activity by 85 per cent. The root ATP-ase was not stimulated by 
the Synpran—111 even at a low concentrat ion but the 5-10~ 4 M resulted in about 75 per cent 
inhibition. 
3. On the investigation of the herbicide sensitivity of the young shoots ATP-ase we found that the 
basic activity was increased by nearly 30 per cent by the 10~ ' M Saturn—50, while an inhibition 
of more than 65 per cent resulted f r o m the 5 - 1 0 " ' M. The enzyme obtained f r o m the shoot was 
more sensitive to the Synpran—111, i. e. the 10~' M resulted in a stimulation of nearly 50 per cent 
and the 5 -10 _ * M inhibited by 80 per cent. 
Introduction 
The wide-spread application of herbicides, fungicides, and insecticides raises 
the question of how these biologically active substances act on cultivated plants. 
ZSOLDOS and MECS ( 1 9 7 4 ) showed by their experiments that the uptake of ions in 
the root is inhibited by some rice herbicides: Saturn, Synpran, Dacthal, and the fungi-
cide Kitazin in higher concentration; while, in case of a low concentration, a signi-
ficant increasing activity can be observed. Investigations of the free amino acid and 
the ion efflux prove that the effects of the above substances can frequently be traced 
back to the permeability of the membrane. Therefore, we found worth studying the 
question of how certain herbicides acted on one enzyme of the cell membrane, na-
mely, on the ATP-ase depending upon N a + and K + which acts in the presence of 
M g + + . 
Recently, it is proved by more and more experimental data that the plant ATP-
ases can be brought into connection with the uptake of ions and the transport pro-
cesses of the plants, similarly in the case of the functions of animal ATP-ases (LEIGHT, 
1 9 7 5 ; LEONARD, 1 9 7 3 ; HODECS, 1 9 7 2 ) . KASAMO and his co-workers ( 1 9 7 3 , 1974) 
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have already investigated the effects of some biologically active substances on the 
ATP-ases of different cell fractions. They observed that, in low concentrations, the 
active ingredients stimulated the activity of the "transport enzyme", and so the 
plant transport processes. 
In the course of the chemical processing in agriculture, more and more effective 
agents have been used. Therefore, it is important both theoretically and experimen-
tally to study the interaction among the herbicides — biologically active substances 
and the ATP-ases bound to the cell membranes, respectively. 
Materials and Methods 
1. G r o w i n g e x p e r i m e n t a l p l a n t s : 
Rice plants fOryza saliva L. var. japonica) grown in water culture were used for every experiment. 
The seeds were allowed to swell in tap water for 5 hours, then progerminated on a wet filter paper 
in a thermostat at 22 C. Then the seeds were sown in a grow ing glass covered with a steel net and 
grown in a light of 10 000 Lux intensity for 16 hours per day. The culture fluid was 5 - 1 0 - ' M 
CaSO, at a temperature of 20—22 °C, pH value 6.5. The investigations were carried out with 7—8 
day-old plants. 
2. H e r b i c i d e s u s e d : 
The effect of a Japanese product, Saturn—50 and the Hungarian Synpran—111 on rice plants 
was studied. The Saturn—50 which is a herbicide suitable above all for preemergent but also 
postemergent treatment contains 50 per cent active ingredient S-(-4-chlorobenzyl)-N. N-diethiol-
carbamate. The Synpran—II I is a leaf herbicide of contact and systemic activity; it consists 
of 3.4-dichloropropion anilide and 2,4,5-trichlorophenoxyacetic acid amyl ester with 38,6 per cent 
active agent. 
3. P r e p a r a t i o n of t h e A T P - a s e : 
The different vegetal par ts cut into pieces were homogenized with 4 ml of extracting mixture to 
every gram of fresh weight (0,25 M saccharose, 0,025 M Tris. 0.003 M EDTA). The crude extract 
was pressed through gauze and centrifuged under cooling: with 1500 g for 10 minutes, the super-
natant layer with 4000 g for 40 minutes, the supernatant layer with 15.000 g for 30 minutes, 
and, finally, with 100.000 g for 90 minutes. The precipitation obtained at the last step was suspen-
ded with a medium of twice the volume (0,25 M saccharose, 0,025 M Tris-HCl buffer. p H 7,0). 
The enzyme extract obtained could be stored for 6 days without any decrease in its activity. 
4. M e a s u r e m e n t of t h e a c t i v i t y of A T P - a s e : 
The activity of enzymes was given in the yM value of inorganic phosphate released by 1 mg of 
protein during 60 minutes. The quantity of phosphate was measured by FISKE's and SUBBA-
ROW's method; the calibration curve was made with K H 2 P O , . 
The quantity of protein was measured according to L O W R Y and his co-workers, the calibration 
curve was made with bovine albumin. The incubation mixture of the enzyme was composed in 
accordance with every single epxeriment. The opt imum conditions for the enzyme activity were 
measured out in the course of the pre-examinations. The mixture contained the following sub-
stances (for I ml of its volume): 0.025 M Tris-HCl buffer. p H 7,2; 5 - 1 0 " ' M NaCl ; 5 - 1 0 " ' M 
KC1; 5 - 1 0 - ' M MgCl, ; 100—200pg protein. The reaction was started by adding 5-10-» M Tris-
ATP. then incubated at 30 "C for 10 minutes, and, finally, it was stopped with 0.5 ml of T C A 
of 40 per cent. In the course of experiments with herbicides there was a pre-incubation with an 
active ingredient of suitable concentration for 30 minutes. The blank test was measured with 
boiled enzyme. 
Every experiment was carried out together with three parallel ones, and repeated three times at 
least. 
Results and Discussion 
By means of experiments performed in water culture it could be stated that the 
two herbicides we investigated, the Saturn—50 made in Japan and the home produc-
tion, the Synpran—111 used in a wide range, had, strongly diluted, a stirring effect 
EFFECTS OF SATURN - 5 0 AND SYNPRÂN - 111 ON THE MEMBRANE-BOUND 75 
on the rice plant and on the(Na+ , K + ) ATP-ase prepared from the root. This result, 
is valuable because the two herbicides are different in their mechanisms of action 
selectivities and chemical structures. It can be supposed, on the basis of these results, 
that, in a favourable concentration, these herbicides stimulate the development of 
plants by increasing the efficiency of metabolism in a complex manner. On the other 
hand, it is presumable that the above herbicides alter the ATP-ase configuration of 
the root membrane in such a way that an enyzme of higher activity can be obtained. 
30 
I 







control 10"® iff* 10 i ff 7 10*1(5 5.iÖ4M Satum-50 
S y n p r à n - 1 1 1 
control IO"1010"* 10"' iff 7 IO"6 10"5 5.ld'll Synpràn-111 
Fig. I. The change of activity of the ATP-ase prepared f r o m the rice roots which were grown in a 
culture conta in ing herbicide. 
Fig. 1 shows the change of activity of the (Na + , K.+) ATP-ase prepared from 
the roots of plants which were grown in a water culture containing herbicide. The 
concentration of 5- IO-4, IO-5 M inhibited the activity of a prepared enzyme. This 
fact is in accordance with the observations that the uptake of ions, the respiration, 
and in general the vital processes become slower in the case of a higher concentration. 
The Saturn—50 of 10 - 6 M resulted in a significant increase in the activity, and in the 
case of Synpran—111 the 10 - 7 proved a stimulating concentration. 
The next two Figures show the herbicide-sensitivity of ATP-ase prepared from 
the roots (Fig. 2) and young shoots (Fig. 3) of plants grown in cultures which did 
not contain any herbicide. According to Fig. 2, the basic activity increased from 19,9 
to 28,7 in the presence of Saturn—50 of 10~8 M which means a stimulation of about 
50 per cent. By comparing the definite increasing activity of the Saturn to the change 
caused by the Synpran—111, it can be established that this herbicide does not result 
in significant increase. In higher concentrations both herbicides inhibited the activity 
of ATP-ase. 
Fig. 3 contains comparative results concerning the herbicide-sensitivity of the 
ATP-ase in the microsome fraction of young rice shoots. It has been found that the 
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Fig. 2. Herbicide-sensitivity of ATP-ase prepared from the rice roots. 
leaf herbicide Synpran—111 influences the shoot enzyme to a much greater extent 
than the Saturn—50. The concentration of 1 0 - 8 M but especially the Synpran—111 
of 10~7 M resulted in significant stimulation (the basic activity of 21,4 increased to 
28,6), and the concentration of 5 - 1 0 - 4 M caused an inhibition of nearly 80 per cent. 
The Saturn stimulates only in a strong dilution at IO - 9 M, but this value remains 
below both the effect measured with the root ATP-ase and the degree of increase 
caused by Synpran—111. 
We found that the pre-incubation with herbicides gave more favourable possi-
bilities for the measurement of activity than the cultivation in a herbicide. Presumably 
the epidermis of the root lets through the herbicides only in a limited extent while 
during the pre-incubation the enzyme directly touches the active ingredient. In the 
case of plants grown in a solution containing herbicide we must reckon with some 
accumulation, too. 
On investigations with herbicides the fact cannot be neglected that the substance 
to be worked up contains pure active ingredient only in a certain percentage and the 
other components are unknown to us. The phenomena observed can partly be attrib-
uted to the active ingredient only: besides this, some ballast materials are present 
and show a certain activity. 
As to the ATP-ases prepared from plant and especially from animal cells, 
numerous references came to light about the increasing effect of detergents on the 
enzyme activity. The Lubrol—pX, Triton, and NaDOC are generally known as 
activating agents of membrane-bound enzymes. As the results prove, the activity of 
these substances appears in alteration of the lipid-protein connection, and this, quasi 
releasing the enzyme, relatively increases the protein content. It may be that also the 
ballast materials of the two herbicides we investigated show their activity in this 
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Fig. 3. Herbicide-sensitivity of ATP-ase prepared f r o m the rice shoots. 
way. In order to be able to decide this question, not only the pure active ingredients 
should be investigated but also the ballast substances, with a view to their effects. 
As mentioned in the introduction, the active ingredients of Synpran—111 are 
the 2, 4, 5-T and the DCPA. The biochemical activity of the compound 2, 4, 5-T 
is under discussion question even today. KASAMO ( 1 9 7 3 ) described that the corn 
coleoptyl ATP-ase was stimulated by" the 2, 4, 5-T. and this is supported also by 
our results. As for the ATP-ase prepared from roots, especially from those of rice 
plants, no similar results of research are known, according to our knowledge, till 
now. The interpretation of the activity of Synpran is made difficult by the presence 
of DCPA, the enzymic effect of which is not clear yet. 
As a consequence of the above, the activity of the pure effective ingredient of 
herbicides on the membrane structure in plant cells and further the enzyme kinetic 
questions (stimulation and inhibition) of the ATP-ases, must also be investigated 
in the future. 
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EFFECT OF THE SODIUM SALT OF 
2.4-DICHLORO-OXYPHENYLACETIC ACID ON CUCURBITACEAE 
S E E D L I N G S 
HORVÁTH, M . MÁRIA and TRAN VAN LE 
Department of Biophysics. Phylogenetical Laboratory. Attila József University. Szeged 
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Abstract 
The peroxidase enzyme activity of the Cucurbitaceae seedlings was increased by 2.4-D parallel 
with the degree of damage. The enzymes participating in hydroxylation are bound by neutralizing 
the chemical agent and, tnerefore, the amount of indolehydroxy-derivatives decreased. 
It is proved by several publications and the production itself that the genetically 
balanced plant stand can be deteriorated by plant-protecting agents applied in a not 
satisfactory concentration. Besides the mutagenous effect, degenerated successor ge-
nerations that are different from the stand of the species are produced. In connec-
tion with that, we have investigated in our work the effect of herbicides upon Cucurbi-
taceae seedlings under experimental conditions. 
Materials and Methods 
The seeds of gourd were caused to germinate at 25 °C in a thermostat. Germination took place 
on a filter-paper moistened with a solution of 2.4—D. At controls tap water was applied. These were 
examined as preemergent treatments. At the other part of the experiments, the seedlings — when 
their radicle was about 2 cm long — were placed into a 2.4—D solution and the controls were put in a 
water culture under half-conditioned conditions and grown under about 7 0 0 0 lux illumination. 
In this case, a postemergent treatment was used and investigated as a function of time, as well. 
The 0 . 2 5 % O and 0 . 5 0 % O — lower resp. higher — concentrations of the sodium salt fo 2 . 4 — D 
were used. The effect of the chemical agent was followed with attention by measuring the peroxidase 
enzyme ( S O L Y M O S Y — F A R K A S , 1 9 6 3 ) and the indole-hydroxylating capacity of seedlings ( H O R V A T H 
et al., 1 9 7 5 ) . 
Evaluation of the experimental results 
The formation of the activity of peroxidase enzyme is shown in the following 
figure. . . 
It is shown by the figure that — as compared to the enzyme activity measured 
on the shoot of a 13-day old control gourd — the 2.4— D of lower concentration, 
applied postemergently, increased the enzyme activity threefold, and that of higher 
concentration more than fourfold. In the roots of seedlings the enzyme acted differ-
ently. The enzyme activity measured from the roots of control plants is about fivefold 
of the activity measured from shoots. The 2.4—D applied in both kinds of concentra-
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tion exerted an exactly similar effect on the roots, the enzyme activity has remained 
at the same level. 
The roots were in contact with the solutions and the controls with tap water. 
In this way, both 2.4—D and tap water had damaging effects as the plant was not 
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Fig. I. Effect of a 9-day 2.4—D treatment on the peroxidase enzyme activity of Cucurbitaceae 
seedlings 
The behaviour of the plants treated with 2.4—D of lower and higher concentra-
tions, as well as that of controls, were investigated at the indole-hydroxylation. the 
pre- and postemergent treatment. The compounds containing the hydroxy-group 
are produced in normal metabolic processes. The products of hydroxylation are 
often substrates in further processes but they may leave the organism, as well. The 
removal of indole structured compounds, as well, if considerably accumulated, takes 
place in enzymatic way. 
At our experiments, the effect of 2.4—D proved to be harmful in both concentra-
tions for the Cucurbitaceae seedlings. In the considerably damaged plants the meta-
bolic indices did change, as well. The quantity of indolehvdroxy-derivatives decreas-
ed as a result of the 2.4—D of higher concentration as the enzymes were engaged in 
an indirect way to neutralize the superfluous 2.4—D. 
In Table I, the values obtained at the preemergent treatment are demonstrated. 
It is obvious that a derivative was produced at carbon-atom 5 of the indole-
structure. and the quantity of the derivative was increased by the preemergently 
applied 2.4—D of lower concentration. 
The effect of the chemical agent exerted in the course of the postemergent 
treatment on shoots is shown in Table 2, and that on roots in Table 3. 
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Table I. Development of an Indole-hydroxy derivative of a 4-day old Cucurbitacea seedling, after 
a preemergent treatment. Calculated to y/g fresh weight 
2.4—D of 
Derivative Control low high 
c o n c e n t r a t i o n 
5—OH 168 172 158 
Table 2. Development of the amoun t of indole-hydroxy derivatives produced in the shoots of 
4-day old Cucurbitaceae seedlings, after a postemergent treatment. Calculated to y/g fresch weight 
c 
o S 2-.4—D of low 2.4—D of high _ , . 
£ Control > ,n concentration conceniration 
4—OH 5—OH 6—OH 7—OH 4—OH 5—OH 6—OH 7 - O H 4—OH 5—OH 6—OH 7—OH 
7 4.90 3.95 3.85 — 1.30 2.90 1.90 1.60 3.90 3.60 3.85 — 
Table J. Development of the amount of indole-hydroxy derivatives produced in the roots of 4-day 
old Cucurbitaceae seedlings, after a postemergent treatment. Calculated to y/g fresh weight 
c 
o I 2.4—D of low 2.4—D of high r 
>,« concentration conceniration c o n t r o l 
SS 
4—OH 5—OH 6—OH 7—OH 4—OH 5—OH 6—OH 7—OH 4—OH 5—OH 6—OH 7—OH 
7 18.50 4.10 — — 4.60 3.30 — 0.70 48.90 3.70 
It is visible that the derivatives appeared at carbon-atoms 4 and 5, and in case 
of shoots at carbon-atom 6, of the indole-structure. At carbon-atom 7 there was 
obtained no measurable derivative, and in case of roots at site 6, there was similarly 
none of them. A considerable amount of derivatives was produced in the root at 
2.4—D of low concentration, and in the control at carbon-atom 4. As a result of all 
these, there are necessitated further investigations concerning Cucurbitaceae seed-
lings: partly the isolation of the enzymes taking part in hydroxylation. partly the 
necessity of the isolability of the endogenous indole. 
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A SIMPLE SAMPLING TECHNIQUE FOR OBTAINING 
REPRESENTATIVE ELECTRON MICROGRAPHS FROM 
BRAIN FRACTIONS 
F. J o 6 a n d Z. RAKONCZAY 
Institutes of Biophysics and Biochemistry. Biological Research Center. Szeged. Hungary 
(Received September 3, 1975) 
Abstract 
Subcellular fractions of brain tissue were placed on and adhered to the surface of millipore 
filters in a commercially available holder. Subcellular particles forming a thin layer on the filters 
in an even distribution could be readily processed for electron microscopic evaluation. 
It is expected of an electron microscopic study that it will assess with accuracy 
not only the distribution of particles derived from subcellular fractions, but also the 
proportions of various components being present in the original fraction. However, 
because of certain inherent difficulties such as the different sedimentation coefficient 
of particles and the extremely small volume of a thin section, it is hard to obtain 
representative electron micrographs by using conventional electron microscopic 
processing from small pellets of the brain fractions. 
We report here that, after collecting subcellular particles in an easy way on the 
surface of millipore filters, a small but still representative volume of brain fractions 
can be readily processed for electron microscopic investigation. 
Materials and Methods 
Subcellular fractions f rom rat brain were prepared according to the procedure of Jo6 and KAR-
N U S H I N A (1973), and elaborated for the isolation of brain capillaries. After density gradient centrifuga-
lion, four fractions (from A to D) were separately collected. D fraction, the capillary-rich pellet, was 
suspended in 2.0 ml of 0.25 M sucrose. Then 100 nl of each fractions (A—D) was diluted with a 
buffered aldehyde mixture of high osmolarity (KARNOVSKY, 1965) to 1.0 ml. These suspensions were 
placed separately on millipore filters of 0.22 p pore size and adhered to the surface in a holder with 
an inner diameter of 13 mm (Analysenfilterhalter, Millipore GmbH) by a water pump at 40—60 
Hgmm vacuum. Filters were post-fixed in the same fixative for 2 hours at 4 °C. After overnight 
washing in the buffer used to make up the fixative, the filters were osmicated for 1 hour in buffered 
1.0 per cent solution (MILLONIG, 1961) and dehydrated in graded ethanols. The filters were dissolved 
in propylene oxide, resulting in a thin layer of particles to be embedded flat. Sections were cut on a 
Porter-Blum ultramicrotome in a plane parallel to the direction of sedimentation and stained by 
lead citrate. Photographs were taken on a JEOL I00B electron microscope equipped with a side 
entry goniometer. 
6 * 
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Results and discussion 
Figures I and 2 show the electron microscopic appearance of the entire thickness 
of the fractions. In order to orientate the thin layer of fractions in the electron micros-
cope. a BSR specimen holder was used, rendering possible rotation up to 180°. The 
surface facing the millipore filter, upon which particles were accumulated in a random 
distribution, could be easily recognized. The fine granular network, seen occasionally, 
may have resulted from soluble proteins. Fine structural features, characteristic of 
the myelin, synaptosomes. dendritic profiles and capillaries, could be readily iden-
tified. 
Fig. I. A characteristic detail f rom the B (nerve ending) fract ion. N E = nerve ending. D = dendri te . 
My = myelin. x25 000. 
Millipore filters have already been introduced in electron microscopy by BAUD-
HUIN et al (1967) for the preparation of very thin pellicles of packed particles. To 
accelerate the filtration of suspensions derived from rat liver, a special Filterfuge 
assembly was built and gas pressure of 3.6 kg c m - 2 was applied over the solution. 
It is well-known that the interpretation of biochemical and physiological experi-
ments involving subcellular fractions depends considerably on the purity of the 
fractions (COTMAN and FRANSBERG, 1 9 7 0 : GROVE et al, 1973) . The main advantage 
of the simple sampling technique described here is that, apart from providing repre-
sentative electron micrographs of fractions, it allows the carrying out of rapid 
quantitative evaluations on the relative concentration of an organelle in certain 
brain fractions. 
A S I M P L E S A M P L I N G T E C H N I Q U E 8 5 
Fig. 2. Fine slruclural appearance of a capillary in Ihe D fraction. N = nucleus. L = l u m e n , B M = 
basement membrane. x l 8 000. 
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DATA ON SEASONAL DYNAMICS AND ENVIRONMENTAL 
CLAIMS OF EMPOASCA FABAE HARRIS 
(HOMOPTERA: CICADELLIDAE) ON CONDIMENT PAPRIKA 
G Y . GYÖRFFY 
Depart ment of Zoology. Attila József University. Szeged 
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Abstract 
It was established by the au thor at the investigation in the years 1971—1973 that Empoasca 
fabae H A R R I S is the predominant co r rup t ing element of the food-plant communi ty condiment papr ika 
(Capsicum annuum L. convar . tongum). The activity o p t i m a of imagos a t 50 per cent v a p o u r content 
a re 31.5 °C. F r o m the end of June u p t o the end of the growing season of the plant , one generation 
develops entirely on the condiment papr ika , completed earlier by imagos migrated f r o m the weed 
ecotone. T h e populat ion maxima are t o be expected in the first week of September. The percentage 
of o*-s changes between 25 and 55 per cent . 
Among the pests of the condiment paprika (Capsicum annuum L. convar. 
longum) the members of the group Homoptera, Auchenorhyncha had but a part 
insignificant, if any, according to the literature so far. The plant-lice (SZELÉNYI, 
1 9 5 7 ) are regarded as a most important corrupting element (SZIRMAI, 1 9 4 1 ; SZALAY— 
MARZSÓ, 1 9 6 1 : ANGELI, 1 9 6 8 ; TÓTH, 1968) . Leafhoppers are mainly mentioned, by 
comparatively few investigators, because of their virus-spreading property. Thus e.g. 
Stolbur's disease (Chlorogenus australiensis var. stolbur) is primarily spread by 
Hvalesthes obsoletus SIGN. (ANGELI , 1 9 6 8 : ALEKSIC, Z .—SUTIC-ALEKSIC, D . , 1 9 7 0 ) . 
There are several cultivated plant species that can be damaged by Empoasca 
fabae H A R R . , viz.: sugar beet (MOFFIT—REYNOLDS, 1972) , medick ( D E C K E R — 
KONSKOLEKAS—DYSART, 1 9 7 1 ; N E W T O N — H I L L — E L G I N , 1970) . On condiment 
paprika it has not been described, as yet. It was, however, proved by the investiga-
tions below that, apart from plant-lice, it was the second most important corrupting 
element. And if there are no plant-lice, it becomes predominant alone (GYŐRFFY, 
1974) . 
Materials and Methods 
The area investigated is: a condiment -papr ika field. 23.6 ha. in the vicinity of Szeged. Its soil 
is meadow carbonate chernozem, a l ready f r o m the surface. The paprika was planted in 60 cm row 
space and 60 cm (or in some spaces smaller) stock space. In the years 1971—1973, the collection was 
carried out f rom stock t o stock by means of grass nets, with the method of "100 p lan t s" (SZALAY -
MARZSO. 1969). On a single occasion, we generally collected f rom 5 X 2 0 plants. The mat ter was se-
lected af ter ether anaesthesia. Tempera tu re and relative vapour content were measured a t any collec-
tion The values of the mean daily t empera tu re and humidity were, however, obta ined f rom the me-
teorological station in the ne ighbourhood of the site of collection. Collections took place generally 
on one occasion a week, in the morn ing hours . 
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Before compar ing the data of collection spontaneously, we held necessary to examine if these 
data may be regarded as exact informat ions or they were modified in conformity with some fac tors . 
We collected therefore all day on four occasions and on one occasion even at night. The change in 
the individual number of the Empoasca fabae HARR. imagos and larvae was studied separately. T h e 
larvae were, however, only divided into two groups, partly because of the uncertain separat ion, 
partly owing to the comparatively low individual number , making the evaluation dobious. 
Results 
C o n n e c t i o n of a c t i v i t y and the pos s ib i l i t y 
of c o l l e c t i o n with a b i o t i c f a c t o r s 
The activity (collectibility) maxima of imagos are, according to the climogram 
(Fig. 1), at 31.5 °C and 50 per cent vapour content. Activity agrees with the possibility 
of collection only in a single area. Therefore both terms are used. The population 
optima were put by MOFFIT and R E Y N O L D S ( 1 9 7 2 ) between 2 6 . 6 and 3 2 °C. The result 
obtained coincides with that essentially. Vapour content is not mentioned. 
Rel h u m i d i t y 
Fig. 1 Cl imogram of activity (collectibility) of ihe imagos of Empoasca fabae HARRIS. The dot ted 
line means a supposed curve containing relatively few data. 
At about 15 °C and 85 per cent vapour content the possibility of collection began 
rising again what cannot be explained with the increase in activity. We assume that 
at the changes of the abiotic factors in negative direction activity decreases and later 
on reaches the level of relative rest. Then there follows a phase that we have named 
"active holding on". This holding on is, however, of a more and more decreasing 
intensity till it gets to the point of growing numb. Meanwhile, however, the possibility 
of collection is increasing again because at using the grass-nets the possibility of shak-
ing down the individuals is one of the decisive factors. This connection, of course, 
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does not hold good of the species drawing back under more unfavourable conditions 
into the soil or to other sites that can only be approached with difficulty. Empoasca 
fabae Harr. do not belong to the latter species, the explanation of the results achieved 
is therefore well-illustrated by the facts mentioned above (Fig. 2). 
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Fig. 3 . Activity (collectibility) climogram of the larvae of Empoasca fabae H A R R I S . 
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The temperature optima of the juvenile Empoasca fabae HARR. are lower, those 
of vapour content however higher (Fig. 3). The activity-intervals of larvae are much 
smaller, at least in respect of vapour content. It is no mere chance, therefore, that the 
majority of them generally dwell inside of the flowers. Rest comes about here, too. 
at about the same point as in case of the imago. 
It turns out of all these that the data collected so far can only be accepted with 
reservation and their quantitative comparison may only be successful with a pre-
liminary correction. For this correction it is mostly enough to establish the depen-
dence upon temperature and vapour content. 
S e a s o n a l d y n a m i c s of Empoasca fabae H A R R I S 
The population dynamics oí Empoasca species was already dealt with by several 
investigators. E.g., it was investigated by N O W A C K A and ZOLTANSKA ( 1 9 7 4 ) on various 
plants in 1971. Their individual-number maxima fell to the same time. According 
to MOFFIT and REYNOLDS ( 1 9 7 2 ) , their abundance is correlated with the mean tem-
perature, frequency does not depend on precipitation. In Poland the Empoasca 
species (E. pteridis, E. flavescens) have two generations on medicinal herbs, the 
first appears in May and June, the second in July and August. In an insectarium, 
anyway, a third generation, too, can be raised (in August and September) (NO-
WACKA, A D A M S K A — W I L C Z E K , 1 9 7 4 ) . 
In the course of investigations we should have liked to clarify the change in 
individual number of Empoasca fabae HARR. in connection with mean temperature 
and vapour content. In the graphs we are publishing in case of imagos, apart from 
the original data, the corrected ones, as well, partly because the climogram is not 
containing the temperature and vapour-content values belonging to each collecting 
date, partly as it seems so that there are only differences of size between the two curves 
(Figs. 4, 5, 6). 
In 1971, larvae appeared from the end of July, 20 days or so after imagos. The 
maxima of younger larval phases appeared in the middle of August, those of the 
older ones a fortnight later, i. e.. a week before the imago-maxima. This was, therefore 
in contradistinction to the following year, a larval development accelerated by the 
favourable weather. 
In 1972, larva and imago appeared simultaneously what is referring to a migra-
tion of larvae from the weed ecotone. The size of population was smaller than in the 
year before. The maxima of older larvae were followed only in 15 days by the imago-
maxima. The cause of that may have been the protraction of larval development 
because of the cool, strongly rainy weather. 
In 1973, imagos appear already at the end of June but the early swarming was 
prevented by a vaporization. Stocking therefore protracted. The larval development 
was, however, promoted by the favourable warm weather. 
To sum it up: Leafhoppers begin multiplying in the weed ecotone from early June. 
From there, they migrate to condiment paprika at the end of June, in early July. 
Paprika is a more favourable food-plant for Empoasca than the weed ecotone was 
because after that time only an insignificant amount of them may be found in the 
latter one. Simultaneously with the settling in of imagos they begin depositing 
eggs and the first larvae creep forth about a week after that. Their development is 
strongly influenced by the conditions of temperature and precipitation. 
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Meteorological data in 1971 (daily mean temperature , relative humidity, precipi tat ion). 
Individual density of larvae and imagos of Empoasca fabae H A R R I S in 1971. 
Corrected individual density of imagos of Empoasca fabae H A R R I S in 1971. 
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Fig. 5a. Meteorological data in 1972 (daily mean temperature, relative air humidity, precipitation). 
b. Individual density of larv ae and imagos of Empoasca fabae H A R R I S in 1972. 
c. Corrected individual density of imagos of Empoasca fabae H A R R I S in 1 9 7 2 . 
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Meteorological data in 1973 (daily mean temperature, relative humidity, precipitation). 
Individual density of larvae and imagos of Empoasca fabae H A R R I S in 1 9 7 3 . 
Corrected individual density of imagos of Empoasca fabae Harris in 1973. 
94 GYÔRFFY, GY. 
This could be observed in 1972, as well, only the development protracted more 
and the size of population was also smaller. The imago-maxima appear, as depending 
on larvae, one week or two later than those. The imagos can be found on their food-
plant till the end of the growing season. But their quantity is, owing to the lower 
temperature, smaller and smaller. The paprika growing too old has no major signi-
ficance as the leafhopper is only forced to leave for the weed ecotone by the first 
frosts, the whithering of the plant. 
The change in sex-ratio, the development of the percentage of males, was also 
followed with attention in the growing season (Fig. 7). The sex-percentage was 
found approximately 1 : 1 on Medic ago saliva. ( D E C K E R — K O N S K O L E K A S — D Y S A R T , 
1 9 7 1 ) . According to N O W A C K A and ZOLTANSKA ( 1 9 7 4 ) , the o*:9 ratio is about 1 : 2 
what is essential because the damage caused by 9 and a* individuals is different: 
that caused by females is significantly graver ( N E W T O N — H I L L — E L G I N , 1 9 7 0 ) . 
Fig. 7. 
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Change in the percen tage o f the males of Empoasca fabae H A R R I S in 1 9 7 1 to 1 9 7 3 . 
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It can be established that the percentage of o"-s is showing a curve with definite 
tendency. In respect of there years, the values are fluctuating between 25 and 55 per 
cent. The course of the curve is similar to that of the curves of the individuel frequency 
of the larvae in older phase. This may suggest that the individual development of 
o* individuals is somewhat faster than that of females, resp. that the males cast their 
coat earlier. Thus sex-ratio cannot be characterized in the generating time with a 
proportion but only with an interval, resp. a mean value of that. In the present case, 
this is about 45 per cent that means the c f : $ ratio 1:1.22. 
The revealed considerable and systematic occurrence of Empoasca fabae H A R R I S 
on condiment paprika is raising the question if it causes a perceptible damage in the 
household of the plant and in what degree its virus-spreading property participates 
in propagating the viral diseases of paprika. In so far as the harmfulness of leafhop-
per were proved by investigations like this, the demonstrated connections of the 
maxima of larvae and imagos with temperature and vapour content may give points 
of view to forecast and protection against it. 
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NEW SULCOMESITIUS SPECIES ERŐM BORNEO 
L . MÓCZÁR 
Zool. Deparlment József Attila Uniuersity Szeged 
(Received November 20, 1975) 
Abstract 
We publish here Stdcomesitius kuncheriai sp. n., S. maai sp. n.. 5. rieki sp. n., S. nialayensis 
sp. n. and S. borneoensis sp. n. from Borneo, collected by Collectors from the Bernice P. Bishop 
Museum, Honolulu. 
In the interesting material kindly sent me by Mr. KARL V. KROMBEIN (Wash-
ington) and originating from the Bernice P. Bishop Museum, Honolulu, more 
specimens are proved to be new species. These belong to the Group-benoiti MÓCZÁR 
(kuncheriai sp. n.), to the Group-luzonicus (KIEFFER) (maai sp.n., rieki sp. n. and ma-
layensis sp. n.) and to the Group -orientális (Fours) (borneonensis sp. n.) and were 
all collected in Borneo, and some also in Viet-Nam and Malaya. 
Sulcomesitius kuncheriai sp. n. 
(Fig. 1 - 4 ) 
$ . — Unknown. 
cf. — Length 3 mm. Black, mandibles, clypeus, eyes, antennae, tegulae and legs 
yellowish brown, antennal joints 2—6, tarsi lighter yellow, thorax (particularly pro-
notum and propodeum) and abdomen promixally and distally dark reddish trans-
lucent, on paratype eyes black and the lighter parts, listed above, darker, more 
brownish, less yellowish. Wings normal, fore-wings only weakly brownish infuscated. 
lighter spots indistinct, veins yellowish brown. Body covered with a scattering of short 
light hairs, hairs of antennae yellowish brown, longer, but distinctly shorter than 
width of joints. 
Head as long as broad (33), only slightly broadened behind eyes, posterior 
margin arched, occipital carina with a row of punctures; ocelli in an acute angle, 
posterior ocelli separated by a distinctly shorter distance from each other than from 
eyes, POL:OOL=5:7 , the small groove distinct on outer margin only of fore ocellus; 
frontal sulcus indistinct, head rather densely but not deeply punctured, shagreened, 
weakly shining, anterior margin of clypeus strongly protrurding medially, nearly 
straight laterally, lateral corners obtuse, lateral sides diverging backwards, surface 
raised sharply in a longitudinal keel medially; eye convex, distinctly longer than it 
is broad (17:14), separated from mandible by about one-third the distance of its 
length (5:17); antenae long, joint 2 only slightly longer than it is broad (5,5:4,5), 
joints 1, 3—13 at least twice as long as they are broad (Fig. 3), joint 3 nearly twice 
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as long as 2 (10:5,5). length (and breadth) proportions of joints I—13 = 10 (4.5) 5 5 
(4.5): 10 (4.5):8 (4):8 (3.5):8 (3):8 (3):8 (3):7 (2.5):7 (2.5):7 (2.5):6 (2):8 (2), on 
paratype joints 2:3 = 5:9.5. Pronotum (Fig. 4) slightly longer than two-thirds of its 
breadth in front (16:22), anterior corners triangular protruding owing to wrinkle 
emerging on lateral side and reaching to the corner, lateral side concave behind cor-
ners and gradually diverging towards tegulae, posterior margin arched, only shallow-
ly and broadly impressed, surface with large and rather deep but scattered punctures, 
surface shagreened and weakly shining, longitudinal furrow narrow. Mesonotum 
smooth, shagreened, weakly shining with only some fine punctures, parapsidal furrow 
shallow and narrow, notauli very deep and sharply margined, longitudinal furrow 
distinct only on its distal half and gradually deepening towards posterior margin. 
Mesonotum well separated from scutellum by a broad transversal groove and a pair 
of deep pits laterally. Scutellum shagreened weakly shining with a few larger, shallower 
punctures. Propodeum (Fig. 1) remarkably long, distincly longer than half of its 
diameter (16:13), lateral sides weakly converging and convex beginning from spine, 
lateral spine acute, longer than one-third of length of propodeum medially (6:16), 
on paratype acute seen from above, and rounded in lateral view, central and lateral 
areas finaly transversally wrinkled, sublateral ones only striated and more shining, 
breadth of central, sublateral and lateral areas=4:6:3. Lateral sides of propodeum 
with a parallel wrinkle below upper margin and reaching to the spine. Episternum 
coarsely punctured. Abdomen smooth and shining, tergite 1 polished, tergite 2 (Fig. 
2) and sternite 2 evenly scattered and very finely (on paratype finely) punctured, tergite 
3—6 alutaceous basally, very finely punctured medially and polished posteriorly. 
S p e c i m e n s e x a m i n e d : "North Borneo (SE) Forest Camp, 19 km N. of 
Kalabakan, 60 m, 21. XI. 1962", "K. I. Kuncheria Collector Bishop" 1 3* holotype, 
Bernice P. Bishop Museum, Honolulu, Cat. No. 10,509; "Viet Nam: Fyan, 900— 
1000 m. 11. VII.—9. VIII. '61", "N. R. Spencer Collector Bishop" 1 0 ' paratype, 
Hym. Typ. No. 3632 (Mus. Budapest). 
This species differs from Sulcomesitius benoiti M Ó C Z Á R , 1 9 7 0 , because of anterior 
corners of pronotum not being rectangular, of propodeum not having parallel sides, 
of sculpture of abdominal tergite 2, of different proportions of antennal joints etc. 
Sulcomesitius maai sp. n. 
(Fig. 5 - 7 ) 
$ . — Unknown. 
cf- — 3 mm. Black, mandibles, clypeus, antennae, tegulae, legs, last abdominal 
segments brown, lower side of antennae, tarsi yellowish brown, anterior abdominal 
segments dark reddish translucent. Wings normal, fore wings brownish infuscated 
with a lighter spot outside of cells, veins brown. Body covered with sparse white 
short hairs, antennae with very dense and very short light yellowish hairs. 
Head nearly as long as it is broad (27:29), rounded and converged backwards, 
posterior margin arched, occipital carina with a row of punctures; ocelli in an acute 
angle, hind ocelli separated from each another by a shorter distance than from eyes, 
POL:OOL=4:6, outer margins of ocelli with a small shining groove, frontal sulcus 
hardly developed, head shagreened, only weakly shining, very densely but not deeply 
punctured, eye very convex, longer than it is broad (15:13), separated from mandible 
by a larger distance than one-quarter of its length (4:15), anterior margin of clypeus 
Fig. 1—4: Sulcomesiiius kuncheriai sp. n., 1: notum, 2: abdomen, 3: head and antenna, 4: head 
and pronotum. — Fig. 5—7. Sulcomesiiius maai sp. n., 5: thorax and abdomen, 
6: head and pronotum, 7: propodeum and abdomen (Orig.) 
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protruding medially, strongly diverging laterally with obtuse lateral corners, lateral 
sides diverging backwards, surface raised sharply in a longitudinal keel medially; 
antennae slender, joint 2 longer than it is broad (4:3), joints 1,3—13 generally twice 
as long as they are broad, differences in length of joints 2:3:4 distinct (4:7:6), 
length (and breadth) proportions of joints 1 — 13 = 8 (4):4 (3):7 (3.5): 6 (3.5):6 (3.5): 
6 (3):6 (3):6 (3):6 (3):6 (2.5):5 (2):5 (2):6 (2). Pronotum very short only slightly 
longer than half its breadth (13:10) anterior corners weakly protruding (Fig. 6) 
owing to wrinkle emerging on lateral side and reaching to corners, lateral sides 
nearly parallel anteriorly and gradually diverging posteriorly, posterior margin 
distinctly arched and rather broadly impressed, surface here with a row of larger punc-
tures, in another place shagreened and weakly shining, with scattered large punctures 
longitudinal furrow sharp, not very deep. Mesonotum shagreened, weakly shining 
only with very few small punctures, parapsidal furrow shallow (Fig. 5), notauli very 
deep and sharply margined, longitudinal furrow weakly developed, posteriorly 
deeper. Mesonotum well separated from scutellum by a deep transversal groo-
ve and a pair of deep pits laterally. Scutellum shagreened, shining with about 
5 large punctures round the lateral sides. Propodeum long, slightly longer than 
half its diameter transversally (12:11), lateral sides slightly convex medially and 
concave before spine (Fig. 5, 7), lateral spine short stumpy, only one-fourth as long 
as the propodeum medially (3:12), sublateral area finely transversally wrinkled, bre-
adth of central: sublateral: lateral area=3.5:5.5:2. Lateral side of propodeum with 
a parallel wrinkle below upper margin which reaches the spine. Episternum coarsely 
punctured and with a granulate area below tegulae. Abdomen smooth, shining, 
tergite 2 rather scattered with deep punctures (Fig. 7), tergites 3—6 only finely punctu-
red and polished distally. Sternite 2 deeply and densely punctured. 
S p e c i m e n e x a m i n e d : "British N. Borneo Keningan Jan. 12—17, 1959", 
"T. C. Maa Collector Bishop" 1 o* holotype, Bernice P. Bishop Museum, Honolulu. 
Cat. No. 10,511. 
This species differs from Sulcomesitius luzonicus (Kieffer), 1914, because of shor-
ter lateral angles of propodeum, of mesonotum not having a very sharp margined 
longitudinal furrow, of abdominal tergite 2 being deeply and more densely punctured 
etc. 
Sulcomesitius rieki sp. n. 
(Fig. 8—10) 
$ . — Unknown. 
0*. — Length 2,9 mm. Black, clypeus, antennae, tegulae, legs, last abdominal 
segments brown, mandibles yellowish red, tarsi yellowish brown. Abdominal segment 
1 and side of 2 dark reddish translucent. Wings normally developed, fore-wings 
weakly brownish infuscated with a lighter spot outside of cells. Veins brown. Body 
with sparse white hairs. Antennae with longer light yellowish brown hairs, hairs 
distintly shorter than joints. 
Head as long as it is broad (25:25). only slightly broadened and distinctly roun-
ded behind eyes (Fig. 9), posterior margin nearly straight, occipital carina with a 
row of punctures, ocelli at a right angle and separated from each other by a distance 
half of that from eyes (POL:OOL = 3:6), outer margins of ocelli with deep grooves, 
frontal sulcus indistinct, surfaces of head shagreened, weakly shining, rather densely 
but shallowly punctured: eyes very convex, long-shaped, longer than they are broad 
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(12:9), separated from mandibles by about one-third the distance of its length (3.5:12), 
anterior margin of clypeus weakly protruding in the middle, nearly straight laterally, 
with obtuse corners and broadly diverging in lateral, side and raised in a sharp 
longitudinal ridge medially; antennae slender, joint 2 hardly longer than it is broad 
(4:3), joints 1, 3—13 at least twice as long as they are broad, joint 3 nearly twice as 
long as joint 2 (7:4), length (and breadth) proportions of antennal joints 1—13 = 
= 7 (3.5):4 (3): 7 (3): 6 (3):6 (3):6 (2.5): 6 (2): 5.5 (2): 5.5 (2): 5 (2):5 (2): 5 (2): 7 (1.5). 
Pronotum about two-thirds shorter than its breadth (11:18) anterior corner with a 
minute protrusion (Fig. 9) owing to wrinkle emerging on lateral side and reaching 
the corners, lateral side hardly concave, beginning from middle distinctly diverging 
towards tegulae, posterior margin slighly arched, shallowly impressed, surface, shag-
reened weakly shining with scattered larger punctures, longitudinal furrow deep 
but not sharply margined. Mesonotum (Fig. 8) shagreened, shining, parapsidal 
furrow only weakly developed, notauli very deep and sharply margined, longitudinal 
furrow weakly developed, distinct as deep puncture, just before the posterior margin. 
Mesonotum separated from scutellum by a broad transversal groove and pair of 
deep pits laterally. Scutellum shagreened, shining with only 4 larger punctures along 
the lateral and posterior margins. Propodeum about as long as half of its breadth 
transversally (12:11), lateral sides distinctly converging to spines and diverging 
beginning with spines (Fig. 8), lateral spines slender, acute (seen from above) and 
rounded in lateral view, longer than one-third the length of propodeum medially 
(5:4), sublateral area finely striated, shining, lateral area transversally wrinkled, 
breadth proportions of central: sublateral: lateral area = 3:6:2.5. Lateral side of 
propodeum with a parallel wrinkle below upper margin and reaching the spine. 
Episternum coarsely punctured, shagreened, only weakly shining, and with a row 
of large transversal punctures. Abdomen smooth, shining, tergite 1 polished, tergites 
2—6 with scattered very fine punctures (Fig. 10), posterior margin broadly polished. 
Sternite 2 scattered with fine punctures. 
S p e c i m e n s e x a m i n e d : "Viet Nam: Fyan 900—1000m. 11. VII.—9. VIII. 
'61", "N. R. Spencer Collector" 1 d* holotype, Cat. No. 10,512 and 1 <3 paratype 
Bernice P. Bishop Museum, Honolulu; "Viet Nam Fyan, 900—1000 m 11. VII.—9. 
VIII. '61", "N. R. Spencer Collector" 2 tf paratype, Hym. Typ. No. 3633—4 (Mus. 
Budapest); the same localities and data 1 a* paratype Bernice P. Bishop Museum, 
Honolulu; 3 cf same localities and data: Borneo: Sarawak, Kapit. District, Merirai 
Valley 28—31. VII. 1958. leg. T. C. Maa. 
This species differs from Sulcomesilius luzonicus (KIEFFER), 1914, because of 
abdominal tergite 2 being indistinctly and rather deeply punctured, of anterior margin 
of pronotum having with a minute protrusion, of length of body not being 3.6 or 
larger, but only 2.9 mm, etc. 
I have named this species in honour of the outstanding Australian specialist 
in Hymenoptera as well as in other Insecta orders, Mr. E. F. Riek, Canberra. 
Sulcomesitius malayensis sp. n. 
(Fig. 11) 
$ . — Unknown. 
cf. — Length 3 mm. Brown, mandibles, antennae and legs lighter yelowish 
brown. On paratypes thorax partly lighter and on specimen from Borneo body except 
antennae mandibles and legs, black and dark reddish translucent. Wings normally 
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developed, fore-wings brownish infuscated with indistinct lighter spots outside of 
cells. Body covered with scattered short white hairs, antennae with longer yellowish 
brown hairs, the hairs distinctly shorter than the diameter of joints. 
Head as long as it is broad (25:25), only slighty broadened behind eyes, lateral 
sides remarkably convergent (Fig. 11), posterior corners with obtuse angles, posterior 
margin slightly arched, occipital carina with a row of punctures, ocelli at an acute 
angle, separated by a smaller distance from each another than from eyes. POL:OOL = 
= 3:4. outer margins of ocelli with small shining grooves, frontal sulcus indistinct, 
surface of head granulated, scattered with very shallow punctures space between 
punctures as large as the punctures: eyes very convex, long-shaped, distinctly, longer 
than they are broad (13:11) and separated from mandibles by about one-quarter the 
distance of its length (3:13); anterior margin of clypeus semicirculary protruding in 
the middle, nearly straight laterally with ohtuse corners, lateral angles obtuse, lateral 
sides diverging backwards; antennae slender, joint 2 shorter than twice its width 
(4:2,5), antennal joint 2 (Fig. I l^ remarkably shorter than joint 3 (4:7), length (and 
breadth) proportions of joints 1 — 13 = 7 (3):4 (2.5):7 (2.5):5 (3):5 (3):5 (2.5):5 (2.5): 
:5 (2.5):5 (2.5):5 (2):4 (2):7 (2). Pronotum (Fig. II) short, about two-thirds as long 
as its breadth (12:17), anterior corners rectangular with very small protrusion owing 
to the wrinkle emerging on the lateral side and reaching the corners, this protusion 
on the Borneo specimen a little sharper, lateral side concave just behind the protusion 
the latter gradually divergiging towards tegulae, posterior margin slightly arched and 
shallowly impressed, surface granulated only weakly shining with larger but not 
deep punctures, longitudinal furrow deep but not sharply margined. Mesonotum 
shagreened. with some minute punctures, parapsidal furrow hardly distinct, notauli 
very deep and sharp margined, longitudinal furrow short and narrow, only distally 
and weakly developed. Mesonotum separated from scutellum by a transverse deep 
groove and by a pair of pits at its base laterally. Scutellum shagreened, with 4 larger 
punctures on lateral sides. Propodeum distinctly longer than half its breadth trans-
versally (12:9.5), lateral sides parallel, spines short and acute only slightly diverging 
backwards, lateral spines one-quarter as long as propodeum medially (3:12), sublate-
ral area shining, only finely striated, lateral area transversally wrinkled, breadth 
proportions of central: sublateral:lateral areas = 2.5:5.5.1.5. Lateral sides of propo-
deum with a parallel wrinkle below upper margin, which reaches spine. Episternum 
coarsely sculptured and with a granulate field below tegulae. Abdomen smooth 
shining, tergite 1 polished, tergite 2 scattered with very fine punctures, tergites 3—6 
finely alutaceous, shining. Sternite 2 shining, very finely punctured. 
S p e c i m e n s e x a m i n e d ; "North Borneo Liawan 14—17.1. 1959", "T. C. Maa 
Collector" 1 o* holotype, Bernice P. Museum, Honolulu, Cat. No. 10,513; "Malaya: 
Pahang King Geo. V. Nat. 1 Part. Gue-Che Yatin, Dec. 16. 1958", "L. W. Quate 
Collector" 1 <f paratype Hym. Typ. No. 3635 (Mus. Budapest); "British N. Borneo 
Gomantong Caves 22—26 XI. 1958", T. C. Maa Collector Bishop" 1 c f paratype 
Bernice P. Bishop Mus. Honolulu; Borneo: Kalabakan leg. Kuncheria 14. XI. 
1962 I o*; Laos: Sayabouri 12 II. 1966 I 
This species differs form Sulcomesitius luzonicus ( K I E F F E R ) , 1 9 1 4 , because of 
abdominal tergite 2 being indistinctly and rather deeply punctured, of shorter lateral 
spines of propodeum, of lack of black body, etc. 
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Sulcomesitius borneoensis sp. n. 
(Fig. 12—13) 
9 . — Unknown. 
0*. — Length 5 mm. Black, mandibles, clypeus, antennae joints 2—4, both ends 
of tibia, tarsal joints yellowish brown, abdomen partly reddish translucent, on pa-
ratype antennae joints 1, 5—13, tegulae and legs dark reddish brown. Wings normal, 
fore-wings only slightly brownish infuscated, with lighter spots on the base, top and 
outside of cells. Veins brown. Body sparsely covered with white hairs, antennae with 
rather long light yellowish brown dense hairs, which are distinctly shorter than the 
diameter of joints. 
Head as long as it is broad (39:39), only slightly broadened but strongly rounded 
behind eyes, posterior margin slightly arched, occipital carina with a row of larger 
deeper punctures; ocelli at a right angle, hind ocelli separated by about half the dis-
tance from each another than from eyes (4:8), outer margin of eyes with deep shining 
narrow grooves; surface of head shagreened, weakly shining, very densely and deeply 
punctured, space between punctures distinctly smaller than punctures; eyes very 
convex and remarkably long-shaped, longer than they are broad (17:15), separated 
from mandibles by about one-third the distance if its length (6:17); anterior margin 
of clypeus largely semicircularly protruding in the middle, straight laterally with 
obtuse corners, lateral sides strongly diverging backwards, surface raised into a high 
longitudinal keel medially; antenna slender, all joints at least twice as long as they 
are broad, lenght (and breadth) proportions of antennal joints 1—13=12 (5):6 (3): 
:11 (4): 10 (4) :10 (4):10 (4):10 (3) :9(3):9 (3):8 (3):8 (3):8 (2):11 (1.5). Pronotum 
hardly shorter than it is long (17:20), anterior corners sharply rectangular, lateral 
sides concave only just behind corners, diverging backwards from the middle, poste-
rior margin slightly arched, surface shagreened, weakly shining, with deep and in 
part very deep but not dense punctures, space between punctures in some places as 
large as punctures, longitudinal furrow narrow, rather deep. Mesonotum shagreened 
shining with very few small punctures (Fig. 13), parapsidal furrow distinct but shal-
low, notauli very deep and sharply margined, longitudinal furrow distinct only just 
before posterior margins where it is form longshaped, shining and deepening. Mesono-
tum well separated from scutellum by a transverse groove and by a pair of pits at 
its base laterally. Scutellum shagreened, shining, with a fine impression on its base 
medially and with about 7 larger punctures. Propodeum about as long as half of 
its breadth transversally (18:17), lateral side slightly convergent, divergent only be-
ginning with spines (Fig. 13), lateral spine acute nearly half as long as its length 
medially (8:18), sublateral area shining, only weakly striated, lateral area wrinkled 
transversally, breadth of central: sublateral: lateral area = 5.5:8:3.5. Lateral sides 
of propodeum with a distinct parallel wrinkle below upper margin and reaching the 
spines. Episternum densely and rather deeply punctured with granulate spot below 
tegulae. Abdomen smooth, shining, tergite 1 polished, tergite 2 scattered with fine 
punctures (Fig. 12), tergites 3—6 altaceous basally, polished distally and very finely 
and more densely punctured medially. Sternite 2 with scattered but rather deeper 
punctures. 
S p e c i m e n s e x a m i n e d : "North Borneo (S. E.) Forest Camp 19 km. N. of Ka-
labakan 60 m. 24, X. 1962", "K. J. Kuncheria Collector Bishop" 1 0* holotype Ber-
nice P. Bishop Museum, Honolulu. Cat. No. 10.515; "British N. Borneo W. Coast 
Fig. 8—10: Sulcomesiiius ríeki sp. п., 8 : notum, 9: head and pronoium, 10: abdomen. Fig. 11: 
Sulcomesilius malayensis sp. п., head and pronotum. Fig. 12—13: Sulcomesiiius bor-
neoensis sp. п.. 12: abdomen. 13: nolum (Orig.) 
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Residency, Ranau, 8. mi. N. Paring Hot Springs 500 m. X—9—18 "58" "T. C. 
Maa Collector" 1 0* paratpe Hym. Typ. No. 3636 (Mus. Budapest). 
This species differs from Sulcomesilius orientális ( F O U T S ) , 1 9 3 0 , because of lateral 
sides of propodeum not being convex, of mesonotum lacking the few dense and large 
punctures, of mesonotal furrow not being very shallow, of length of body not being 
3 , 5 mm. etc. 
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SOME DATA TO THE TERMITE FAUNA OF EGYPT 
L . M Ó C Z Á R 
Depart mem of Zoology At lila József University. Szeged 
(Received January 20. 1976) 
Abstract 
A u t h o r discusses two rare species of termites f r o m Egypt : Amitermes desertorum D E S N E U X 
and Psammotermes hybosloma D E S N E U X The two species have been found in new localities at 
Abu-Rawash a n d Wadi Assiuti (Badari). respectively. Nes t ing condi t ions given. 
The termite fauna of Egypt has been recently treated by LAILA S . EL-SHERIF 
a n d A . H . K A S C H E F ( 1 9 7 4 ) , a n d by A . KASSAB, A . M . CHAARAWI , M . I . HASSAN a n d 
A . M . SHAHWAN ( 1 9 6 0 ) . KASSAB et al. ( 1 9 6 0 ) have shown 8 termite species to occur 
in Egypt, of which one proved to be a new species belonging into the family of 
Psammotermitidae. They also discussed the question of protection against them 
with due reference to the distribution of the individual species. EL-SHERIF and 
KASCHEF ( 1 9 7 4 ) have shown a species new to the fauna of Egypt: Microcerotermes 
eugnatus SILV. (Termitidae) and discussed in detail complemented with a key the 
following species: Anaeanthotermes ochraceits BURM., Amitermes desertorum DESN. 
Fig 1 
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Figs . 1—4. Acanihotermes ochraceus BURM. L=worke r , 2 = s o l d i e r , 3 = vegetal detr i tus serving a s 
food in a chamber . 4 = secondary queen (Original) 
and Psammotermes hybostoma DESN. Unfortunately, the place of occurrence of only 
the third species is mentioned. 
Acanihotermes ochraceus BURM. Specimens: worker (Fig. 1), soldier (Fig. 2), 
secondary queen (Fig. 4). They were cultured in a nest with a size of a fist in the 
laboratory of Dr. ALI HASSANAIN EL-HEMAESY (Ministry of Agriculture. Dokki, 
Plant Protection Research Institute, Termites Research Division). Multiplication 
was effected by a secondary queen. In one small chamber vegetal detritus with an 
average size of 4—5 mm was accumulated supplying food (Fig. 3). 
Amitermes desertorum DESN. KASSAB et al. ( 1 9 6 0 ) say that the species had been 
found shortly before the publication of their paper by Prof. H . PRIESNER in Egypt, 
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though locality was not mentioned. On the 21st of November, 1975 the nest was 
found at Guizeh: Abu-Rawash district, where, according to the local people the ter-
mites, some 20 years ago, destroyed several houses. KASSAB et al. made reference to 
Acanthotermes ochraceus BURM. living in the environs of Abu-Rawash. The probabi-
lity of misidentification is excluded owing to significant difference in size between 
the two species. 
On the surface of the earth among the date palms there is no sign of termites. 
The communication tunnels of termites were found in the light yellow sand among 
tussocks of grass at the upper edge of a five metre wide canal bank. The above-ground 
part of the termitary is ovoid in shape, dark in colour with a height varying between 25 
and 30 cm (Fig. 5). The building of the termites clearly separated from the yellow 
sand by its dark colour. As the side of the building was carefully scraped away we 
observed irregularly running channels with very smooth walls of 1 cm in diameter. 
The channels were full of workers (Fig. 6) admixed with soldiers bearing large jaws, 
alate caste, apterous nymphs, and with numerous short-winged and long-winged 
nymphs and males (Fig. 7). In several chambers small piles of sand were accumulated 
on which workers were sitting. In the central part of the building there was a flat, a 
not quite horizontal chamber, c. 4 cm in length, appearing to be a craddle, though 
there was no queen to be seen, nor were the exit holes bigger than the rest. Since I 
have entirely demolished the castle I may safely say that there has not been a queen 
with a swollen abdomen. Thus, the multiplication of the nest is secured through 
secondary queen(s). It was very likely that the present nest was only auxilliary in 
funkction besides a distant larger nest. Unfortunately, there was no time to follow 
up the communicating channels in order to find the central colony. 
Herewith I feel it my pleasant duty to thank Dr. M O H A M E D A L I (Faculty of Agri-
culture, Al-Azhar University, Cairo) who made it possible for me to discover the 
termite nest. 
Fig 5 
1 1 0 m O c z a r . l . 
Figs. 5—7. Amilermes desertorum DESN. 5 = cross-sec lion of nesl taken out of sand, 6 = par t of a 
tunnel in the nest with larvae, workers, long-winged nymphs, 7 = long-winged and 
apterous nymphs, workers and winged males (Original) 
Psammotermes hybostoma DESN. This species was first reported to occur in 
Egypt by LAILA S . EL-SHERIF and A. H. KASCHEF ( 1 9 7 4 ) , in the following localities: 
Fayoum, Asswan, Dakhla and Kharga Oases. I found this species on the 26th 
of November, 1975 at Wadi Assiuti, Arab Motier, Badari, 43 km from Ass-iut. The 
school was situated in a barren area close to some bare mountains 2—3 km off from 
the village built among date palm groves. There were scarcely any termites in the 
disintegrated wooden parts of the building, though under the thin superficial layer, 
when taken off, the channels and the mud communication tubes were well perceptible 
(Fig. 8). Among the workers (Fig. 10) small soldiers, just as well as medium- and large 
s o m e d a t a t o t h e t e r m i t e f a u n a o f e g y p t III 
sized soldiers (Fig. 9) have been seen. There were no alate caste forms and large-bodied 
queens, since we had no time to take the wooden parts of the house into pieces. The 
dry stem of plants fetched in by the villagers, where these were cut in halves were 
covered with mud of 3—4 cm in thickness, breaking them up large numbers of ter-
mites, mainly workers and nymphs were swarming about (Fig. II). The inside of 
uncut stems was also full with termite channels. 
The description of each developmental stage given originally by LAILA S . E L -
SHERIF and A. H. K A S C H E F (1974) well agreed with field observations. 
F i g s . 8 — 1 0 
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Figs. 8 — I I . Psammolermes hybostoma D E S N . 8 = mud-tubes in door-post, 9 = soldier. 1 0 = worker, 
11 = nymphs and soldiers hinding under mud cover in nest (below) (Original) 
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DEMOGRAPHICAL AND ANTHROPOLOGICAL INVESTIGATION 
OF THE POPULATION OF THE COMMUNITY OF GYOMA 
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Abstract 
The author analysed the statistics on birth-, marriage- and death-rates for the community of 
Gyoma (County Békés) in Hungary. He established the monthly distribution and, in the case of 
births and deaths, the differences in sex shown in the registration of births, marriages, and deaths 
in the years between 1895 and 1970. He drew conclusions about the natural increase in population, 
as well. He refers also to the frequency of twin births. The statistics on causes of death w ith accord-
ing to decades and disease groups. 
His anthropological survey of 1974 included 672 boys, 770 girls, resp. 690 males and 767 females. 
He involved practically every fifth grown-up in the investigation, and in the case of 409 girls he 
collected data on the menarche, too. On the basis of these data, he drwas some conclusions concern-
ing the physical development of children, as well as the taxonomical composition of grown-up. 
Introduction 
In County Békés, of late years, as a result of a very valuable initiative ( N A G Y , 
1965), the local monographs intending to record historical, archaeological, and 
ethnographical data, and the traditions of some settlements for posterity, have 
succeeded one another. And we are even more pleased to be partipating now in 
the third such volume. We are glad to see that, in addition to the disciplines mentioned 
above, anthropology can contribute, too, with ils results to a systematical knowledge 
of the comunity investigated. Such works e.g., the works at Gyoma, give us consider-
able help in the formation of an increasingly true picture of the anthropological fea-
tures of the present-day Hungaryan people. 
In the following, we wish to outline the main characteristics of the work carried 
out at Gyoma and evaluated in detail ( F A R K A S — H U N Y A — V A R G A , in the press; 
FARKAS, in the press). 
Demographical data 
As we want to give the anthropological features of the population at Gyoma, we 
can not leave out of consideration the social relations, either, that have long accom-
panied the individuals, characterized by three main events in their lives: marriage, 
birth, and death. In the course of cellecting data, we endeavoured to cover these events 
as well. 
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I. M a r r i a g e s 
In Gyoma, between October 1 8 9 5 and December 1 9 7 0 , 7 4 8 3 marriages were 
centraeted altogether. The greatest number of marriages ( 1 1 9 2 ) took place between 
1921 and 1930, while the least (839) — taking into consideration that between 1891 
and 1900 not all the data are at our disposal — occurred in the decade between 
1961 and 1970. If we observe the annual occurrence, we see that the greatest number 
of young (162) couples stood before the registrar in 1919 and the least (24) in the 
same decade, in 1915. It seems very probable that both of these data (indicating ma-
xima and minima) are connected with the beginning and end of World War I 
Proceeding with analysing and investigating our data monthly, too, we find 
that the maximum is held by the November of 1898 when, during one month 42 
marriages were contracted. The number of months without weddings were on the 
other hand, very rare in Gyoma. These were: March 1896, July 1903. November and 
December 1906, January and July 1915, January and February 1916, August 1928 
April 1935, November 1944, January 1961. 
The implications of the summarized monthly distribution of contractions of 
marriage is, however, a good deal more interesting. If we take the number of marriages 
contracted during one year as 100, then it is evident that, in the case of a uniform 
distribution, 8 . 3 3 per cent ( 1 0 0 : 1 2 = 8 . 3 3 ) would fall in a single month. Investigating 
the data with full knowledge of these facts, it becomes immediately striking that this 
expectable value is only surpassed in October, November, and December, and 
approached in January out of the twelve months. In the case of the other months, 
the ratio of marriage contractions remained below the value to be expected. In another 
words this means that at Gyoma in the last seven and half decades, contractions first 
of all fell in the winter season and particularly in the months of November and De-
cember. This is not surprising at all. We got quite a similar result from analysing the 
data of Vesztő m County Békés, as well ( F A R K A S — V A R G A , 1 9 7 3 ) , as well as those 
of Tape in County Csongrád (FARKAS, 1 9 7 3 ) . This can be explained by the fact that, 
particularly in the case of an agricultural population, marriages were contracted as 
a function of the economic year. Marrying off with a dowry, the supply with a trous-
seau could mainly be provided by means of a good crop. This is proved very well 
by the number of marriage contractions during the decades 1921 to 1930 and 1931 
to 1940. While in the previous decade 1192 marriages were contracted, in the follow-
ing decade — as a result of the great economic crisis — this number was only 924. 
In any case this event is connected not only with economic factors. A great part 
was played in this respect by religion, too. This is shown very well by the number 
of nuptial ceremonies performed in the communities Gyoma and Tápé. Particularly 
in the case of the Roman Catholic population of Tápé, the month of December is 
conspicuous by the low number of marriages contracted, because marriage contracts 
in the time of Advent have been "prohibited" by the traditions of the R. Catholic 
population. The same prohibition does not appear in the Calvinist population of 
Gyoma. It is interesting anyway, too, that since the Liberation the time of contracting 
marriages is no longer determined as strongly as before by religious conventions, and 
the number of December marriages is growing more and more in the population of 
Tápé, as well. 
There is another interesting thing, as well. Between 1895 and I960 marriages were 
mostly conctracted m the months of November and December. Between 1961 and 
1970, however, the situation changes. The maximum falls in August, the month that 
d e m o g r a p h i c a l a n d a n t h r o p o l o g i c a l i n v e s t i g a t i o n 1 1 5 
was remarkable for its low number in the earlier decades. What could have be 
the cause of this? It is beyond question that we are in this case, too, up against a 
chanee in convention. The people of Gyoma — as known from elderly persons — 
placed the whole house at the disposal of the young people at the time of wedding. 
This, however, does not solve the problem in present-day flats of smaller area. It 
is thus a factor that weddings are not celebrated at home but in an inn or restaurant 
in the community or the couple rent a large-sized tent where there is plenty of room 
for the considerable number of guests invited. A precondition of this is, however, 
good weather and, for that, August is the most suitable month. 
The demographical characteristics of the population can be interpreted correctly 
above all not in the form of absolute numbers. The changes per 1000 people are 
generally given. It appears from a compilation of this charactcr that the value 11.1 
from 1900 decreased during ten years — even if not considerably, in 1920 that was 
followed by a major rise, diminishing considerably again by 1941. And finally, in 
1949, after a strong growth, there followed a new decerase. The first two periods, and 
the rise following them, is obviously connected with the war years, while the rise 
after the Liberation and the decrease following it may have had a connection with 
the questions of family planning and economic problems. The contraction of marria-
ges occurring per 1000 persons can be noticed to major extent in the birth rate in 
1960 only. 
2. Births 
In the period investigated by us 19086 children, were born 9880 of them being 
boys and 9206 girls. The birth rate of boys and girls was 1000 to 932 in favour of 
boys. 
The most children (2080 boys and 1949 girls) were born between 1901 and 1910 
while the fewest (803 boys and 698 girls) between 1961 and 1970. It is shown by summ-
ing up that beginning from 1921 generally 120—460 fewer children were born and 
the birth rate shows a declining tendency. The difference between the numbers of 
births in the decades 1921 to 1930 and 1961 to 1970 is —1226. The same tendency 
manifests itself — obviously in connection with births — in the decrease in population-
number because between 1920 and 1970 the population number of the community 
became — on the basis of census data — less by 1287 persons. 
Taking into consideration the annual frequency of births, we see that the most 
births (484 children) were in 1900 while the fewest (96) were in 1960. Apart from 
1963 a year of still lower births numbers (the maternity home was rebuilt then), 
the number of births fell below 100 only in 1960. From 1961 to 1970 an ascending 
tendency manifested itself again, being largerly a result of a new demographical 
policy extended over the whole country. 
The most boys (232) were born in 1896, and the most girls (233) in 1900 while 
the fewest boys (49) in 1961, and the fewest girls (35) in 1960. 
During the seven decades the most children (1734) were born in August, and 
March (1730) while the minimum number of births (1458) falls in the month of No-
vember. Taking for our basis the birth maxima, it emerges that the birth maxima 
in August correspond to the wedding maxima in November. That is to say, the 
marriage contractions are followed by the births in nine months. If we co-ordinate 
with every month (contraction of the marriage) its following ninth month (of birth), 
we see that in five out of the twelve months the corresponding frequencies are in 
proportion to each other. 
8-
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But the entirely certain connection between the contractions of marriages and 
births can only be analysed exactly through the birth data of the first child. Without 
being able to cheek, it seems to us that there is no major postponement between the 
contraction of marriage and the birth of the first child. This is to be emphasized be-
cause, in the case of the population of Tape, we saw that contractions of marriages are 
not followed by births in the ninth month ( F A R K A S . 1 9 7 3 ) . In this case, therefore, 
there is deliberate birth control. 
At the same time, the March and August maxima of numbers of births coincide 
with the maxima of boy births in August and girl births in March. The fewest boys 
(747) were born in June, the fewest girls (683) in December. 
The expectable 8.33 per cent frequency of births is reached and surpassed by the 
months January. March, May, July, August. September, and October. The distribu-
tion is, therefore, much more uniforms as compared to the marriage contractions. It 
is also shown by the fact that even the August maxima hardly surpass 9 per cent. 
Between 1900 and 1949, the numbers of births occurring per 1000 persons de-
creased from 3 2 . 5 to 1 7 . 4 . This decrease may be considered uniform in I 9 6 0 but it 
was, however, followed by an extremely marked decrease in the birth rate which 
appeared in the natural incerase of population, as well. Fortunately the birth rate, 
which was 8 . 4 in I 9 6 0 , rose to 2 1 . 2 in 1 9 7 0 . 
We have to speak separately about twin births. During the period investigated 
164 pairs of twins were born and one set of triplets. The numbers of male and female 
pairs of twins are approximately identical while the numbers of mixed twins surpass 
by about 10 per cent the numbers of boy-boy and girl-girl twins. 166 boys and 165 
girls were born as twin pairs, i. e. the birth of 1006 boy twins and 1000 girls twins 
occurred. This differs from the national value in 1 9 6 8 that was 1 0 0 0 to 1 0 1 6 ( A C S A D I — 
CZEIZEL. 1 9 7 0 ) . 
Most twins (14.6 per cent) were born in the month March, then follows the 
month February with exactly 11 per cent. Apart from these, only the birth rates in 
April and July surpass an 8.33 per cent frequency. 
The annual distribution of twin births is not uniform, either. Most twin pairs 
(8) were born in 1897, followed by 1896 when five pairs of twins and one set of 
triplets were born. Only four twin pairs were born in four years ( 1 8 9 8 , 1 8 9 9 , 1 9 5 0 . 
1 9 5 1 ) , too. So it seems that there occurs a year with four twin pairs in every 5 0 
years, and a year with three twin pairs in about 30 years. 8 to 9 twin births occur in 
every 1000 births. This number is lower than the value established for the situation 
in the whole country ( A C S A D I — C Z E I Z E L , 1 9 7 0 ) , the latter being 1 8 . 2 per 1 0 0 0 in 
1968. The frequency of twin births occurred in the population of Gyoma with half 
as much probability as in the whole population of the country. One twin birth occurs 
in fact, in every 117 births. According to Hellin's hypothesis ( H E L L I N , 1 8 9 5 ; ZELENY, 
1 9 2 1 ) , if a twin birth falls in every n births then a triplet birth falls in everi n- births. 
On the basis of our former data, therefore, at Gyoma a triplet birth falls in every 
1172= 13 689 births. That, however, followed only on one occasion among more 
than 19 thousand births and, if we can believe the former supposition, we have to 
say that in the immediate future the birth of triplets should not be considered as an 
extraordinary event. 
There are families in which twin births occurred more frequently. Thus the 
parents with the surnames KOVACS ( 1 4 ) , N A G Y ( 1 3 ) , FEKETE and T 6 T H ( 8 ) , Kis and 
SZABO ( 7 ) , H A J D U and SZILAGYI ( 5 ) play most part in our records of twin births. 
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These nine surnames occur in 72 cases of the 165 twin births. The tirplets were born, 
too, as children of a father named Fekete and a mother named Nagy. 
3. D e a t h 
D e a t h s were i n v e s t i g a t e d in three r e s p e c t s . 
It appears from the analysis of deaths of both sexes in every decade and month 
that between October 1895 and December 1970 there were recorded 14 868 death 
cases altogether, of which 7748 were males and 7120 females. 
The number of deaths occurring per 1000 persons decreased from 30.0 to 9.2 
between 1900 and 1970. That may be considered as a considerable decrease which 
is connected with the greater and more improved health service, the prevention of 
diseases (regular pulmonary screening), and mainly with the decrease in infant mor-
tality. 
The greatest number of deaths occurred in the month of December (1383) 
while the least (1064) were recorded in the month of September. The most males 
(787) died, too, in December while the most female death cases (687) occurred in 
the month March. The fewest males (567) and the fewest fameles (497) died in the 
month of September. 
As compared to the 8.33 per cent theoretical distribution, a major death rate 
occurred first of all in the winter and spring months (from December to May inclu-
sive). The summer and autumn months (from June to November inclusive) do not 
reach this expected value. 
Investigating the single years separately it turns out that the most death cases 
(346) were in 1900 while the fewest (77) in 1966. The most men (216) died in 1944, 
and 1915—1916 (189, resp. 188) while the most women (170) in 1900. With males, 
the high mortality rate that took place in the years mentioned is mainly connected 
with the events of World Wars I and II. Both the fewest males (40) and the fewest 
females (37) died in 1966. At the annual summing up theer was one more peak shown 
in 1918, as well, engendered by a rather considerable pneumonic disease and its 
complications taking place in the period from October to December 1918. In the 
period mentioned sixty-five, mainly juveniles died. 
Surveying the months in the seventy-five years, we find that the most men (53) 
died in December 1917, the most women (30) in October 1918. From among the single 
months, there occurred no male death in September 1968 and no female death in 
October 1953. 
In death cases the second aspect of the investigations was the distribution of 
death cases according to age-groups. We used the following age-categories: 0 to 
1, 2 to 5, 6 to 10, 11 to 15, 16 to 20, 21 to 30, 31 to 40, 41 to 50, 51 to 60, 61 t j 70, 
71 to 80, 81 to 90, 90 to x. 
It appears from the analyses that the death rale of those below one year amounts 
to 20.8 per cent. That may mainly be attributed to the extremely high infant mortality 
at the beginning of our century. The number of children not surviving their first 
was 1086 between 1901 and 1910 but only 12 between 1961 and 1970. The improve-
ment is particularly considerable between 1951 and 1970 which may be attributed to 
the increased care introduced and brought to the expectant mothers and young child-
ren in the period after the Liberation. This improvement stands the test even in the 
case of comparing it with data abroad. While e.g. in Austria the mortality of 1 to 
5 year-old children (taking the data from 1901 as 100 per cent) had decreased by 90.9 
per cent by 1 9 6 0 ( C Z E R M A K — H A N S L U W K A , 1 9 6 3 ) , in the population of Gyoma, 
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during the same period, the decrease was 92.4 per cent among 2 to 5 year-old child-
ren. 
The number of those who died at over 90 years of age has increased more and 
more since the beginning of the century up to our days. While between 1901 and 1910 
only three men and two women lived longer than ninety years, between 1961 and 
1970 the number of these rose to twenty-one men and twelve women. During the 
75 years, not more than one man lived to 100 years, dying in November 1907. In 
the case of those over 95, we have learned that since the beginning of the century till 
the Liberation four men and three women outlived 95 years while during the following 
twenty-five years, six men and nine women reached these high ages. In this a role 
is played, apart from the improvement of health conditions and the rise in length of 
life demonstrated in the whole country, too, by the more considerable social welfare 
(e.g., old-age pension, health provision, medical attendance, etc.), extended over 
the agricultural population, as well. To reach a higher age of life is anyway charac-
teristic anough of those carrying out physical work ( A C S A D I — K L I N G E R , 1 9 6 2 ) . 
The third aspect in analysing death cases was to study the causes of death. It 
is very difficult to decide unambiguously in every case, on the basis of registry re-
cordings, what the cause of death was. In order to avoid major distortions, we divided 
the diseases into larger groups, arranging them statistically according to the causes 
of death. In the course of analysing these we reached some very important conclusions. 
One of these is that the extremely high ratio (38.8 per cent) of those died from 
diseases of the circulatory-system is linked to the fact that such diseaes occur with 
a very high frequency in this population, as well. From this point of view, the decade 
between 1911 and 1920 is particularly conspicuous. From 1941, the number of these 
diseases nearly doubled till 1970. The diseases of the circulatory-system are, accord-
ing to the data from 1 9 6 1 ( M A R T O N , 1 9 6 1 ) , the main causes of death in the Hungarian 
situation, as well. While, however, in 1957, this disease group was a cause of death 
at a rate of 25.4 per cent in the national situation, at Gyoma, in the same year, it 
plays a part as a cause of death at a rate of 60 per cent. In 1958, the picture is quite 
similar: the national frequency is 25.9 per cent, that in Gyoma 60.2 per cent. 
From among the reasons causing death, senile decay takes second place (a round 
12 per cent). The interpretation of this is extremely difficult and it involves a state 
of affairs which had previously been badly interpreted. In the national situation in 
1 9 5 7 — 1 9 5 8 , this disease group took fifth place among the causes of death. 
The number of diseases caused by infection and parasites also seem to be high 
(round 9 per cent), taking in Gyoma third, and in the national situation eighth, place 
among the causes of death. This comparison is, however, distorting. Such diseases 
were namely characteristic in Gyoma first of all of the period before 1940. 
The situation is about the same in death cases caused by diseases of the respi-
ratory system, which take fourth place both at Gyoma and in the national situation. 
The frequency of these, however, does not reach the value established for the whole 
country in 1 9 5 7 — 1 9 5 8 in the case of seventy years, either ( M A R T O N , 1 9 6 1 ) . 
The next places for causes of death are taken by perinatal morbidity and mor-
tality. These were characteristic first of all at the beginning of the century and their 
number has considerably decreased in the last twenty years. The cause of this is in 
connection with prenatal care and the delivery in hospitals, maternity homes. 
It must, unfortunately, be stated that the death cases engendered by accidents, 
poisonings, and violence (amongst others suicides) reach the national level, as well. 
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It is without doubt, however, that the number of these have shown a declining ten-
dency since the beginning of the century, and have fallen to about one-half during 
seventy years. 
In our statistics about causes of death, the number of death cases caused by 
tumourous diseases takes seventh place, with a frequency of 5.1 per cent. As compared 
to the national data of 1957—1958, this shows a favourable picture in the course 
of seven decades, because, in the years mentioned, this death-causing disease group 
took second place in national relations. It makes us think rather that the number of 
tumourous diseases has increased about threefold at Gyoma since the beginning of 
the century till 1970. This is confirmed by the fact, too, that while in the national 
situation tumourous diseases caused death at a rate of 15.3 per ccnt in 1957 and of 
16.7 per cent in 1958, at Gyoma, in both the years mentioned, they resulted in death 
at a rate of 17,6 per cent. This rise is, therefore, a little above the national average, 
although the percentage of carcinoma-induced deaths is the smallest in the national 
situation particularly the case of the social strata that carry out physical work in 
agriculture (KLINGER, 1963). 
From among the disease groups playing a part at a frequency lower than 5 
per cent, we are emphasizing only war casualties belonging essentially to the group 
of deaths by violence. The population of Gyoma lost 271 persons in World War 
I, and 213 persons in World War II. 
4. N a t u r a l i n c r e a s e in p o p u l a t i o n 
In the course of comparing the statistics of births and deaths, we may get a picture 
about how the natural increase in population developed at Gyoma. After analysing 
these data, it turns out that between October 1895 and December 1970 the population 
of the community increased by 4218 persons. More exactly, it should have increaseed 
by so much. From the number mentioned, 2132 are males and 2086 females. 
We get, however, a quite different picture if we take into consideration the 
census returns, as well. The development of population was namely the following 
on the occasion of the individual national censuses (Census of the year 1970): 
In 1870 9907 persons, 
in 1880 10 160 persons, 
in 1890 10 867 persons, 
in 1900 11 545 persons, 
in 1910 11 699 persons, 
in 1920 11 942 persons. 
in 1930 12 244 persons, 
in 1941 12 242 persons, 
in 1949 11 577 persons, 
in 1960 11 367 persons, 
in 1970 10 655 persons. 
Accordingly, therefore, the number of the population of Gyoma increased from 
1870 to 1930 and since then it has continuously decreased. Taking the census data 
from 1890 and 1970 as our basis, the natural increase in population is not more 
than 788 persons. Comparing therefore the data from the register and census, we 
can establish that, out of the natural increase, 3430 persons emigrated from the 
community in the course of seventy years. It is probable, however, that the emigra-
tion was much larger than this because, at the same time, from other settlements, 
mainly from the adjacent Endrod, some immigration took place to Gyoma. The 
cause of these large changes in population will surely be explained by means of his-
torical data. 
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On the collection of anthropological data 
Having surveyed the demographical changes at Gyoma. our interest turned to 
the scientific aspects of problems. So as to provide ourselves with concrete data in 
this respect, as well, between October 22 and November 14, 1974 we collected data 
concerning partly the children, partly the grown-ups. 
In the case of children, we measured the three main characters (body weight, 
body height, normal chest measurement) that determine physical development. In 
the case of girls, we asked, by means of questionnaires also for information on the 
time of the menarche, as an indication physiological maturity. 
In the case of grown-ups, the collection of data was carried out contempora-
neously with pulmonary screening, applying the earlier-used forms of examination 
( F A R K A S — LIPTÁK, 1 9 7 1 ; F A R K A S — V A R G A , 1 9 7 3 ) . We carried out our measurements 
according to the directions of Martin and Sailer ( M A R T I N — S A L L E R , 1 9 5 7 — 1 9 6 6 ) . 
For the taxonomical analysis photographs were made of every individual from three 
angles (full face, three-quairters view, profile). We evaluated the collected statistical 
material using biometric methods, by means of an R—20 type electornic computer. 
(For preparing the programme necessary for computation and for running the data, 
we wish to record here, too, our gratitude to P. HUNYA, senior research fellow). 
On the basis of these data, as well as of detailed analyses ( F A R K A S — H U N Y A — 
VARGA , in the press: FARKAS, 1 9 7 5 ) we drew some conclusions, the essence of which 
we wish to summarize here, first of all concerning juveniles. 
Physical development of children in Gyoma 
In Gyoma we measured 672 boys and 770 girls, and asked 409 girls pupils for 
information is respect of their age of menarche. Knowing the data of birth and the 
time of investigation, we divided the children — according to the formula of the year 
of age completed ± 3 months — into six-month groups. The considerable parame-
ters of body weight, body height, and normal chest measurement (n, w, x, s, s2) 
were established for every age-category. 
The value of the menarche-median is extremely low: Me = 1 2 . 7 9 years. That 
means that in the case of 50 per cent of the girls in Gyoma menstruation appears 
at the age of 123/4. This considerably differs from the median applicable to the whole 
country, ascertained in 1 9 6 3 ( 1 3 . 2 years, BOTTYÁN , etc., 1 9 6 3 ) , and it is by about 
0 . 1 year lower than the median of the girls in Vésztő ( F A R K A S — V A R G A , 1 9 7 3 ) . And 
it considerably differs from the Transdanubian median, as well, established on the 
basis of several data (EIBEN, 1 9 6 8 ) . It is interesting that, at the same time, it is very 
similar to the medians of the years 1 9 5 9 — 1 9 6 0 in Budapest, Debrecen, Szeged, and 
County Nógrád (BOTTYÁN , etc., 1 9 6 3 ) . It seems to us, therefore, that in the case of 
the children in Gyoma, the phenomenon of acceleration (or stopping of retardation), 
demonstrated in children in the Hungarian situation, as well, is still in process. 
An interesting connection was shonw in the course of some investigations bet-
ween the month of birth and that of menarche coinciding. With the girls in Western 
Hungary a connection was established between these two phenomena ( E I B E N — B O D -
ZSÁR, 1 9 7 0 ) , while with those in Southern Hungary we did not observe the same 
coincidence (FARKAS, 1 9 7 1 ) . In this respect, the girls in Gyoma are more comparable 
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to the children in Transdanubia because the expectable 8.33 per cent coincidence is 
to be found in their case at the rate of about 13 per cent. 
The seasonal fluctuation of the appearance of the menarche in the case of girls 
in Gyoma is suprising, as well. In the case of girls in County Csongrad the menarche 
takes place in 3 9 . 3 per cent in the winter period ( F A R K A S , 1 9 6 2 ) , while in Gyoma the 
highest frequency falls in the summer months. We mention only as a possibility that 
there might be supposed a possible connection between the effect of the thermal bath 
at Gyoma and the event that the menarche of girls mainly results in the summer season. 
After studying the body sizes we established that the physical development of 
children in Gyoma might be considered good even if the slight backwardness in body 
size found in every child population in the country (village) as compared to the 
children in towns, manifests itself in their case, as well. It will have been a result of 
the improvement in the essential conditions and of Gyoma being urbanized that in 
10 to 15 years the body measurements of the children of the same age sex will be still 
larger. 
Anthropological characterization of the adult population 
In the greater community of Gyoma, in October and November 1974 we involved 
1457 males and females, more than 18 years old, in the anthropological investigation. 
As compared to the census data for the year 1970, that means that the 690 males 
represent 19.6 per cent of the men belonging to the corresponding age-group, and the 
767 females 19.2 per cent of the corresponding female age-group. We therefore investi-
gated practically every fifth grown-up at Gyoma. 
We divided our statistical material into four age-categories (18—23, 24—40, 
41_60 , 61—x years), taking into consideration the time of birth and that of investiga-
tion. 
It could be established on the basis of the birth-places of the persons examined 
(as well as on those of their parents and grandparents) that from among the 1457 
persons 1267, i.e., 87 per cent, were natives of Gyoma. 
The conditions obtained in the course of the census of 1970 are reflected in the 
ratio of sexes. The distribution according to age-groups may be considered good. 
The individuals examined were divided into two groups on the basis of the 
birth-places parents and grandparents: 
— autochtonous inhabitants of Gyoma, and 
— non-autochtonous inhabitants of Gyoma. 
By the help of this distribution, about 66 per cent of the material of our investiga-
tion may be regarded as autochtonous inhabitants of Gyoma. In our opinion and by 
reason of the information obtained a much lower percentage of the present-day po-
pulation of Gyoma may be considered as autochtonous inhabitants of Gyoma 
according to the above criteria. Our sampling can be regarded on this basis as repre-
sentative of the autochtonous inhabitants of Gyoma. 
In the course of investigating the anthropological characters, the following sum-
marizing characterization may be given of the persons investigated: 
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M a l e s 
They are mostly tall or medium-tall (167—180 cm tall), the head is lone or me-
dium-long, mostly broad, high or medium-high. Forehead is broad. The face is broad 
or medium-broad, varying from low to high, but it is mainly medium-high The lower 
jaw is very broad. The nose is medium-broad or broad. The hair is mainly blackish-
brown or black. Red. reddish-blond or blond hair occurs only rarely. From among 
the eye colours blue and green are the most frequent. According to the combination 
ol both characters mainly the joint occurrence of a rather dark hair colour and lighter 
eye colour can be observed. The form of hair is generally sleek. 
On the basis of the indices, males are characterized mainly by a short and very 
short head (brachy-, hyperbrachycephalism), high head (hypsicephalism). and on 
the basis of the breadth and height measurements of the head by a medium head 
(metnocephalism). a broad or medium-broad forehead (metrio-. eurymetopia) 
hrst of all a broad face (euryprosopia). a medium-broad jaw (on the basis of the 
jugomandibular index), and a narrow nose (leptorrhinia). 
F e m a l e s 
The stature of females may be from small to big with comparatively equal 
frequency. None the less, it may first of all be regarded as medium-big or big 
(156—168 cm). The head is definitely long, broad, high. The forehead is broad The 
face is broad or medium-broad, medium-high, possibly low. The lower jaw is broad 
or very broad. The nose is medium-broad or broad. The hair as that of the males 
is mainly dark brown, blackish-brown or black. Anyway, those with lighter brown 
hair are in the majority. In their case, too, the hair is sleek, althoueh wavy hair occurs 
more frequently here than among males. From among the eye'colours mainly a 
greenish shade, lighter blue and lighter brown eye colours occur the most frequently 
According to the indices, they have mainly a short or very short head as well 
In addition, the head is high, medium-broad, the forehead medium-broad the face 
mainly broad although medium- and very broad faces are frequent as well The 
mandible is medium-broad, the nose narrow. 
C h a n g e s in the a g e of l i f e 
The differences according to age-groups appear first of all in stature. Thus among 
the younger men tall ones occur much more frequently than among the old men in 
whose case, owing to old age, the ratio of those with smaller stature becomes gradually 
higher. It is interesting to observe that the head becomes more and more elongated 
and to some extent narrower as the age of life progresses. The forehead also grows 
narrower. The face and lower jaw become, at the same time, broader, the head lower 
The increase in the height of face together with the age of life is a slightly peculiar 
phenomenon. The nose grows broader. 
In the case of females, the ratio of the shorter ones considerably increases as 
well, in their older age of life. In the lenght of head no considerable change can be 
observed. At the same time, however, the number of those included in the cateaory 
of broad ones decreased with the advancesment of the age of life and the ratio of 
those with medium-broad head increases. The head becomes therefore narrower 
With the forehead the same phenomenon can be observed. The face grows broader 
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and this may be noticed in the lower jaw, as well. The height of face, at the same 
time, is shifted towards the lower values. The head becomes higher and the nose 
broader. . 
The formal variation of the hair develops in a different way in case ol the two 
sexes. In males, as the age of life advances, the number of those with wavy and curly 
hair decreases and those with sleek hair proportionately increase. In females, as com-
pared to the younger age group, the number of those with sleek hair first decreases then 
in an older age group considerably increases and, in the meantime, the ratio of those 
with wavy hair considerably increases in 24 to 60 year-olds. The latter event may 
probably be explained by artificial intervention (hair-treatment). 
C h a n g e s in the a u t o c h t o n o u s c h a r a c t e r 
We have not observed any considerable changes in the sample considering the 
autochtonous character. The cause of that seems to be obviously that there is a great 
mxing in the community. And another cause may have been, too, that many of the 
so-called non-autochtonous persons could not give exactly the birth-places of their 
parents and grandparents. 
Taxonomically distribution 
By means of the data obtained in the course of collections we strove to establish 
character-complexes and identify them, if possible, with the single categories of Li-
tak's taxonomical classification ( L I P T A K , 1 9 6 9 ) (a short characterization of these 
is similarly given by treating single types, similarly following L I P T A K ) . 
The persons examined by us showed a very varying picture in the domain of 
character-combinations, and a full identification with the taxonomical categories 
mentioned above was in some cases not possible. It was striking, too, that in the 
population the characteristics face-profile of the Armenoid race (protruding, hooked 
nose, receding and chin) very often occurs. 
In Table 1 we recorded the groups separated by us and we also showing photo-
graphs of the taxons considered as the most characteristic for illustrating these. 
From a taxonomical point of view, there is no considerable difference between 
the autochtonous and non-autochtonous populations. The little difference manifests 
itself first of all in case of the Pamiric and Armenoid races in females. But it appears 
in the case of males, too, because these races mainly occurred in the autochtonous 
population of Gyoma. The individuals regarded as gracile Mediterraneans are found 
among the autochtonous females in larger numbers. 
N o r d o i d s 
This human race is characterized by big-medium or big stature, a long head 
or medium-long head, narrow face, light complexion (blond hair, light blue eyes, 
white skin). In the material of our investigation they are represented by not more 
than three females — however, not with long but expressly short heads (Picture 1). 
Their occurrence in the whole material of the investigation is not considerable, not 
more than 0,2 per cent. It seems to us that they got to the population of Gyoma by 
immigration. 
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Picture I. Nordoid female 
C r o m a g n o i d s 
We have to take into consideration three varieties of this group: 
C r o m a g n o i d - A : This is characterized by a big-medium or big stature, a lone 
or medium-long head, broad face, straight or hooked nose, generally a rather light 
colour complexion. 
C r o m a g n o i d - B : Its characteristics are medium-sized stature, a short head 
broad face, concave nose-line, and a light colour complexion. 
C r o m a g n o i d - C : A variety of dark colour complexion that came into being 
after the previous races became short-headed. This race is reearded by Henkey as 
a lowland type, as also the Turanoid ( H E N K E Y , 1 9 7 4 ) . 
In the material of our investigation, the characteristics of 19 males, as well as 
21 females correspond to race Cromagnoid-A. These are partly of big, partly of big-
medium stature. The colour of their eyes is blue or brownish-green, that of their 
hair is, however, darker brown than that of the classical Cromaenoid-A. Their occur-
rence can be observed both in the autochtonous and the non-autochtonous popula-
tion of Gyoma. Together with the one Armenoid woman and the Cromaenoid-A 
woman mixed with Dinaroid character, their occurrence may be considered as 3 
per cent. 
In order to show this type, we have included the photograph of a man (Picture 2). 
Picture 2. Cromagnoid—A male 
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The type Cromagnoid-B is represented in the sample in considerable numbers. 
Their occurrence is at a rate of about 24 per cent. 
Over twice as many females as males occur. According to stature, both among 
males and females, we have separated three kinds of variety: those of medium, small-
medium, and small statures. This is justified by the fact that in our material of in-
vestigation a rather high percentage is represented by those belonging to the older 
age group in whose case, owing to the age-induced decrease in size, we had to reckon 
also with a smaller stature than the medium one that is characteristic of the type 
Cromagnoid-B. The eye colour is in every group blue or brownish-green, the hair 
colour, however, may be — apart from the brown shade of colour that is characte-
ristic of the whole group — blond, as well, in the case of medium-statured females 
and small-statured males. The head is in 13 cases of males and 31 cases of females 
medium-long or long, in the other cases short or very short. The face is in every case 
broad or very broad while the distribution of statures is as follows: 48 males, 84 fe-
males are of medium stature: 38 males, 86 females are of small-medium stature; 
14 males, 85 females are short. The varieties of this type are shown in pictures 3 and 4. 
Picture 3. Cromagnoid—B female 
Picture 4. Cromagnoid—B male 
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In the whole material of investigation the second most important component 
is the type Cromagnoid-C. This designation is first of all justified by the fact that every 
individual classified here is broad-faced and, at the same time, both in case of females 
and males, the hair may be blond and reddish-blond, as well. They could have been 
classified into other groups (Pamiric, Dinaric), too, because of their big or big-medium 
stature and short or very short head, but their light hair colour does not enable that 
classification. In the case of some females, a well-perceptible mixing of the Cromag-
noid-C and Armenoid races is to be observed, as well. Their eye colour is similarly 
blue or brownish-green: blue eyes are, however, more frequent. Apart from the hair 
colours mentioned, a brownish shade may generally be observed. As seen in the 
photographs (Picture 5 and 6), as well, we do not find any Mongoloid characteris-
tics in the members of this group. It is precisely for this reason that we did not 
consider it justified to use the attribute "Turanoid" for them. 
Picture 5. Cromagnoid—C male 
Picture 6. Cromagnoid—C female 
DEMOGRAPHICAL AND ANTHROPOLOG 3ICAL INVESTIGATION 127 
The M e d i t e r r a n e a n s 
We were classifying three races into this category. 
The A t l a n t o - M e d i t e r r a n e a n s could be separated the most easily in the whole 
material of investigation. The big-medium or big stature, long head, narrow or very 
narrow face (mainly the latter), and a dark colour complexion are characteristic 
or their pure variety. The individuals included here by us correspond to the criterion 
of stature completely. The head may be not only long but also medium-long, and even, 
as it was, in the case of three women, short. The colour of hair was without exception 
brown or black. But, as observed in other samples, as well, the eye colour may be, 
besides brown, also greenish and even light blue, too. The Atlanto-Mediterraneans 
can be found in the whole population only in a comparatively low number, at a rate 
of not more than about 4 per cent (Pictures 7 and 8). 
Piciure 7. Ailanto-Mediterranean male 
Picture 8. Atlanto-Mediterranean female 
The grac i l e M e d i t e r r a n e a n race is characterized by small or small-medium 
stature, a medium-long or long head, medium-broad or narrow face, and a dark 
colour complexion. In analysing our sample, we made the concession that we classified 
individuals of medium stature and short head among the gracile Mediterraneans. 
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In the samples investigated, in the case of both sexes, the ratio of those with medium 
or bigger stature, and those with short head is above 50 per cent. While the colour 
of the hair of males and females, considered by us as gracile Mediterraneans, is with-
out exception brown or black, the colour of their eyes — as generally in the population 
east of the Tisza region — may be besides brown-blue, as well. A characteristic repre-
sentative of the gracile Mediterraneans occurring at rate of 4.8 per cent in the 
sample is shown in picture 9. 
It may seem strange that analysing the population of a community in Hungary 
we mention the lndid race, too, among the Mediterraneans. It becomes, however, 
immediately obvious if we mention the fact that a few representatives of the gipsies 
living in Gyoma belong to this group. 
Some races to be mentioned in the following (Alpine. Lapponoid. Pamiric. 
Armenoid, Dinaric, and undetermined brachycephalic ones) are generally named 
b r a c h y c e p h a l s of dark c o m p l e x i o n ( L I P T A K , 1 9 6 9 ) . Above, however, — as 
seen — we spoke of individuals of dark complexion and short head, as well. We 
regard more correct, therefore, to deal with the individual races separately. 
Of its most typical representative small-medium stature, a short or very short 
head, medium-broad face and dark complexion, as well as a rounded occiput are 
characteristic. Although in our sample this race is represented a rate of more than 8 
per cent, its representative could still not be demonstrated. It is therefore more cor-
rect to say that the effect of the Alpic race on this population is perceptible. In 
order to show what kind of character-complex this is, we are showing here the photo-
graphs of a man and a woman (Pictures 10 and 11). The blue colour of eyes is very 
frequent in this race, as well. 
P i c t u r e 9 . G r a c i l e M e d i t e r r a n e a n m a l e 
Ind ids 
A lp i c 
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Picture 10. Alpic male 
Picture 11. Alpic female 
L a p p o n o i d 
We found one representative of this race with small stature, a short head, broad 
or very broad face (Picture 12), although at Vésztő (in the same County Békés) this 
type occurred at a rate of approximately 5 per cent ( F A R K A S — L I P T Á K , 1 9 7 3 ) . 
Picture 12. Lapponoid male 
9 
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Pamir ic 
This race is characterized by big-medium stature, a short head, narrow face, 
and a moderately protruding straight or hooked nose. Its separation in our material 
of investigation engendered a number of problems. Its frequency in Gyoma may be 
regarded as 8 per cent. We find necessary to note that a large part of the individuals, 
mostly those belonging to the younger age categories and classified in the Pamiric 
race, were tall. The colour of their hair is usually brown, their eyes are blue or brown. 
Their representatives are shown in pictures 13 and 14. 
Picture 13. Pamiric male 
Picture 14. Pamiric female 
A r m e n o i d 
They are characterized by medium stature, a short head, narrow face, inclined 
forehead, strongly protruding hooked nose, and receding chin. In our material of 
investigation the size of their stature may belong to a wide range as we could not 
avoid classifying here taller individuals, too, because of the strong Armenoid predo-
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minance. This may have been why their presence in the population may amount to 
approximately 9 per cent. This comparatively large number, however, can be assigned 
also to the fact that we found the characteristic face profile of the Armenoid race, as 
with the Alpic race, in a great number of individuals. A really good representative 
of this character-complex could first of all be observed among males (Picture 15). 
Picture 15. Armenoid male 
D i n a r i c 
This race is characterized by big-medium or big stature, a short head, narrow 
or medium-broad face, a strongly protruding and big nose, dark complexion, as well 
as a flat occiput. In our sample they may be found at a rate of approximately 3 per 
cent, and the individuals classified heree have all, except for a woman, big-medium 
or big stature, a short or very short head, narrow or medium-broad face, mostly 
blue eyes but they have particularly the males, very often brown eyes, and their hair 
is dark brown and black (Picture 16). 
Picture 16. Dinaric male 
8-
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U n d e t e r m i n e d b r a c h y c e p h a l s 
Approximately 10 per cent of the persons examined belong to this category. 
Their common trait is that they all have a short head. As, however, their other anth-
ropological characters show some combinations that can not be identified with any 
of the races enumerated so far, we, have classified them into this group. 
T u r a n o i d 
This race shows a mixture of characteristics of the great Europid and Mongoloid 
races and is characterized by a definite brachycephalism, medium body height, dark 
complexion, a medium-protruding straight or hooked nose, a low or high face and a 
convex occiput. The epicanthal fold occurs only rarely, but none the less, their 
face shows Mongoloid features. 
Picture 17. Turanoid male 
Mongoloid features occur comparatively rarely in the population of Gyoma. 
The three individuals shown (Pictures 17, 18 and 19), in fact, represent this race and 
that is not more than 0.2 per cent of the persons examined. Among school children, 
in our opinion, those with Mongoloid characters occur in considerably larger num-
bers. 
Picture 18. Turanoid male 
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Picture 19. Turanoid female 
In respect of the occurrence of the individuals with a Turanoid character-comp-
lex in the population of Hungary, opinions differ by reason of the most recent in-
vestigations (HENKEY, 1 9 7 4 ; FARKAS—LIPTÁK, 1970) . 
Finally we have to mention a group of about 4 per cent, including some individu-
als who could not be analysed in detail owing to some surveying mistake or unsuccess-
ful photography, and we cannot say anything about them, therefore, from a taxonomi-
cal point of view. 
We have here no possibility of comparing the anthropological data of the settle-
ments investigated so far in County Békés (FARKAS—LIPTÁK. 1 9 6 5 ; FARKAS—VARGA, 
1 9 7 3 ; FARKAS—LIPTÁK, 1 9 7 3 ) , as well as the anthropological evaluation of Tápé, 
in the vicinity of Szeged, to those of Gyoma. At the same time, it seems more work-
able, too, that a synthesizing work should be prepared after the investigations of 
new settlements. It seems in any case necessary to mention that there is some diffe-
rence between the single populations in respect of the single taxonomical groups. 
In certain respects however, we have found some conformity between the populations 
of Tápé and Gyoma. 
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Abstract 
The author has investigated — from the Neolithic Age till the end of the Bronze Age inclusive 
— the supposition according to which the prehistoric dead, depending on which sex they belonged 
to, were laid on different body-sides in to the grave. It was shown by the result of a statistical test 
with 689 finds originating from the Southern Plain (in Southern Hungary and Vojvodina) that this 
supposition is still true at a safety level of P = 9 5 per cent, at P=97.5 per cent, however, it is no more 
demonstrable. At the same time, coincidence was growing from the Neolithic Period up to the early 
Bronze Age, f rom that time on, however, it was diminishing. 
Every digging up of a cemetery is started by the desire of knowledge and this 
effort during the work full of excitting hopes is characteristic both of archaeologists 
and anthropologists. In case of prehistoric finds where we endeavour to reconstruct 
the handiwork of people having lived several thousand years ago, together with the 
persons themselves, this effort is, of course, — if possible — still more intensive. 
The several small observations in details, anyway, after some time, necessarily offer 
a possibility for synthetizing. 
As a result of this synthetizing, the Hungarian archaeologists and anthropolo-
gists are today already generally accepting the view that of the prehistoric skeletal 
cemeteries the "contracted" or "squatting" burial is primarily characteristic. (In 
Hungarian language, the latter term expresses, in my opinion, more the essence of 
the phenomenon). It is thought by many, too, that males and females were laid on 
their different (right, resp. left) sides in to the grave after their death. 
Undoubtedly, it is true that we have found several examples of the burial practice 
mentioned and considered as characteristic of the prehistoric age in Hungary. For 
accepting however, without any reservations, as a regularity e. g. the assertion that 
the people of the Bodrogkeresztur culture buried females resp. males by laying them 
on their left, resp. right sides: a more exact analysis is needed. In short, it is to be 
examined whether the theoretical conclusion drawn from practical observations 
are grounded and to be proved in practice or not. 
For that we need the simultaneous presence of several factors. Namely: 
— grave-descriptions on the basis of detailed observations; 
— some skeletons from cemeteries with graves in large numbers, originating 
from various periods of the prehistoric age; 
— the protected investigational matter in a good state of preservation and 
evaluated by anthropological methods (sex-determination); 
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— as regards deciding on sex, the anthropologist should not be influenced by 
the standpoint of the archaeologist. 
Apart from the mentioned ones, we could still enumerate other criteria, as well. 
Taking also this into consideration, there is but a very little possibility remaining for 
us to collect the material. 
On (he basis of the above-ment ioned points of view f rom the region bordered by the rivers 
Tisza. Maros . Kőrös and Aranka there were taken into consideration only the finds the a n t h r o p o -
logical determinat ion of which can be regarded as sure and a lso the description of the archaeologist 
is unambiguous in respect of the mode of burial. 
T h e findspots belonging to the different cultures a re as fol lows: 
Körös g r o u p (b. o. e. 4000—3200): Hódmezövásárhely-Bodzáspar t (bank Bodzás), I male 
( B A N N E R . 1939; 1954), Hódmezövásárhe ly-Kotacpar t (bank Kotac) , 2 males. I female ( B A N N E R , 
1932; 1935: 1957: T R O G M A Y E R . 1964). Maroslele-Pana. 2 males (Trogmayer , 1964). 
Tisza culture (b. o. e. 2 9 0 0 — 2 5 0 0 ) : Békés-Povádzug (hole Povád) , 3 males, 3 females ( T R O G -
MAYER. 1 9 5 9 : 1 9 6 2 ; L I P T Á K — F A R K A S . 1 9 6 7 ) , Hódmezővásá rhe ly -Kökénydomb ( m o u n d Kökény) , 
I female ( B A N N E R . 1 9 3 0 : 1 9 5 1 ) , Vésztö-Mágori halom (hill), 3 male. 3 female ( H E G E D Ű S , 1 9 7 3 : 
F A R K A S . 1 9 7 4 ) . 
Tiszapolgár cul ture (b. o. e. 2400—2300): Deszk-A, 2 males. 3 females (FOLTINY, 1941), Deszk-
B. 4 males. 3 females (B. K U T Z I Á N , 1963), Hódmezövásárhe ly-Kotacpar t (bank Kotac) . 4 males, 
10 females (BANNER, 1933—1934; 1935). Hódmezővásárhely-Népker t (public gardens) , 2 females 
( G A Z D A P U S Z T A I , 1964; B. K U T Z I Á N . 1963), Lebö-Farkas tanya ( farmstead Farkas) . 2 males (B. K U T -
Z I Á N , 1963; K O R E K , 1958; T R O G M A Y E R , 1957; 1958). Tiszapolgár-Basatanya, ( fa rmstead Basa), 15 
males. 2 females (B. K U T Z I Á N , 1963). 
Bodrogkeresztúr cul ture (b. o. e. 2 2 0 0 — 2 1 0 0 ) : M a g y a r h o m o r ó g - K ó n y a d o m b (hill Kónya) . 1 7 
males, 13 females (PATAY, 1966; FARKAS, in the press). Tiszapolgár-Basatanya ( fa rmstead Basa). 
3 0 males. 3 3 females (B. K U T Z I Á N , 1 9 6 3 ) . 
Early Bronze Age (b. o. e. 2000—1800): Deszk-A, I male (FOLTINY, 1941), Hódmezővásárhe ly-
K ö k é n y d o m b (mound Kökény), I female ( B A N N E R — F O L T I N Y , 1945; B A N N E R — K O R E K , 1949), 
Mokr in—Lal ina humka (hill). 73 males. 90females(GiRié . 1971; F A R K A S — L I P T Á K , 1971; L E N G Y E L — 
F A R K A S . 1972), Ószentiván 111, I female ( B A N N E R — P Á R D U C Z , 1946—1948), Pi tvaros, 3 males, 5 
females ( P A T A Y , 1938; B. K U T Z I Á N , 1958; Bona. 1965; B A N N E R , 1932a; F A R K A S , 1971), Szöreg-C. 
6 males. 9 females (FOLTINY, 1941a). 
Middle Bronze Age (b. o. e. 1800—1350): Deszk-A, 5 males. 4 females ( F O L T I N Y , 1941). D E S Z K -
F , 14 males. 9 females (FOLTINY. 1942). Hódmezővásárhely-Lelik lanya ( farmstead Lelik), I male 
( P Á R D U C Z , 1941), Szóreg-C. 20 males, 15 females ( F O L T I N Y , 1941a). 
Late period of the Middle Bronze Age : Szöreg-C. 8 males, 14 females (FOLTINY, 1941a). 
T u m u l u s cul ture (culture of tumulus burial, late Bronze Age): Tápé-Széntéglaégetö (coal-brick 
baking), 1 2 5 males, 1 2 6 females ( T R O G M A Y E R . 1 9 7 5 : F A R K A S — L I P T Á K . 1 9 5 7 ) . 
It is to be seen f rom the above enumera t ion tha t — in order to get due number of e lements — 
we drew a few cementeries f rom the materail outside the region of the Southern Plain, as well, in to 
the investigation (Tiszapolgár-Basatanya ( farmstead Basa), M a g y a r h o m o r ó g - K ó n y a d o m b (hill 
Kónya) , etc.) . 
Af te r due deliberation we have chosen t o evaluate with two alternatives (laying on right a n d 
left sides, resp. male and female) as in the major i ty of cases the "bur ia l pract ices" differring f r o m 
these (burial in a prone position, in half-contracted posi t ion) may be ascribed to secondary causes 
(drop in the g round , despoiling of a grave, agricultural work , superficial observat ion, etc.) . 
For a method of evaluation, w e have chosen the contingency table with 2 x 2 fields. By applying 
y} test, we wanted to get an answer to the question if the two variables — burial practice (Y) and 
sex (X) — are in connect ion with each other . At calculating the contingency coefficient: 
Materials and Methods 
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we strived to express the closeness of the connection in an exact way. At doing this, we have used 
the following degrees: is the value of r below 0.4. then the connection is loose; between 0.4 and 0.7 
it is medium close, between 0.7 and 0.9 it is close and above 0.9 we may speak of a very close connec-
tion ( S V Á B , 1 9 7 3 ) . 
All the finds taken into consideration are 689 in number. The number of the neolithic skeletons 
(19) are very low, and at later establishments that must needs be kept in view. 
In the*Table annexed hereto the data concerning the frequencies (F) used for the calculations 
were fit together according to archaelogical ages and periods. We are giving here the numbers of 
elements (n), the values obtained o f / ' and r. as well as the degree of critical level. We have compa-
red the / ' -values obtained on the basis of all the finds taken into consideration to the table-values 
belonging to the degree of freedom D F = A r - I (in our example k = 2, /'. e.. laying on the right resp. 
left side). For the critical level of our statistical decision we have chosen P = 9 5 per cent. 
Results of the investigations 
After these preliminary discussions, we may summarize the results of our inves-
tigations as follows: 
In respect of the Neolithic Period there cannot be proved any connection bet-
ween the burial rite and sex. E. g., at the people of Körös group that is very loose 
(r=0.019). 
In the Copper Age, in case of the cemeteries investigated, males were laid into 
the grave on their right, females on their left sides. This burial practice may have 
been connected to sex and at safety level P = 99 per cent it is proved in high degree. 
That is characteristic of the Tiszapolgár and Bodrogkeresztur cultures, as well. 
In the latter case, the connection is more express: at the people of the Tiszapolgár 
culture it is of medium strength (r = 0.658), but in case of the Bodrogkeresztur culture 
(r=0.694) — in the same way as concerning the whole Copper Age (r = 0.69l) — it 
is close. It is interesting, therefore, that in the early Copper Age (Tiszapolgár culture) 
the connection between the two phenomena is weaker than in the Middle Copper 
Age (Bodrogkeresztur culture). For the late Copper Age (Baden or Pécel culture) 
we have no data. 
At the finds in the early period of the Bronze Age the connection between sex 
and burial practice is still closer and at a safety level P = 99 per cent it is proved in 
a high degree. The same can be said according to the contingency coefficient, as well 
(r=0.740), that is referring to a close connection. It is highly remarkable, anyway, 
that — in contradistinction to the Copper Age — males were buried in this time laid 
on their left and females on their right sides. It seems to me that in the early Bronze 
Age the way of laying (primarily in case of females) had the characteristic of deter-
mining sex. The significant deviation from the practice of the Copper Age may render 
probable the appearance of a new ethnic group. 
In the Bronze Age. in the middle period of that, this connection is no more 
so express although it can still be proved in statistical way (at a safety level of 99 
per cent). The connection between the two variables may however be considered as 
only loose (r = 0.354). The way of laying the dead into the grave was showing the same 
tendency at the both sexes as in the early Bronze Age. 
From the late period of the Middle Bronze Age we have but few finds, their 
total number being 22. These do not prove any connection between the two variables; 
the value r = 0.228, too, is referring but to a loose connection. 
Taking into consideration the different periods of the Bronze Age in their 
totality, we must nevertheless hold (first of all because of the high number of finds 
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belonging to the early Bronze Age) the connection between the way of laying the 
dead into the grave (males on their left, females on their right sides) and sex for cha-
racteristic that was showing in that period a relation of medium strength (r = 0.618). 
Dealing separately with the people of tumulus culture, we must notice that 
in that time the way of burial is no more consequent, the connection between the 
two phenomena is very loose (r=0.075). In this time, therefore, the sex of skeleton 
is no more determined unambiguously by its being laid into the grave on its right or 
left side. This fact must always be kept in view at digging up cemeteries that can be 
classified into the tumulus culture. 
The strength of connection between the two variables is increasing from the 
Neolithic Period (r=0.619) up to the Early Bronze Age (r = 0.740) but later, at the 
tumulus builders (r=0.075), it decreases very much again. It seems to us, therefore, 
that in this case we have to reckon with an increase in the rigidity of burial rites and 
later on with a decrease in that what obviously is a problem connected to the folk 
customs. That seems to confirm the suppositions, too. concerning some major mi-
gration that took place in the region bordered by the rivers Tisza. Maros, and Koros, 
in the Copper and Bronze Ages. 
But at evaluating all these connections, we must go far to keep to the fore that 
our sampling could have been influenced by a great many factors and that evaluating 
statistically we could only work with a sample of a given number of elements. The 
establishments may be regarded as proved primarily for the early Bronze and the 
Copper Ages. The Neolithic Period demands further researches from this point of 
view. 
The whole problem is particularly important for the palaeodemographical 
evaluation when we are striving to establish the ratio of males and females. In this 
case, namely, we may obtain quite strange ratios if we accept without any further 
criticism the archaeological statements, the sex supposed alone on the basis of the 
way of laying the dead into the grave. 
Laying the dead according to their sexes is referring in all likelihood to some 
customs the investigation of which — just on the basis of the experiences of the Cooper 
and Early Bronze Ages — cannot be solved, as yet, in a satisfying way. It is to be 
expected from the excavations in the future, paying greater attention to phenomena 
of such aspects, too, that they provide an opportunity for us to interpret and elucidate 
this rite in an exact way. 
References 
BANNER, J. (1930): A kökénydombi neolithkori telep (Die neolitische Ansiedelung von Kökénydomb,. 
— Dolgozatok 6, 49—158. 
BANNER, J. (1932): A kopáncsi és kotacparti neolithikus telepek és a Tiszai-kultura III. periódusa 
(Die neolithische Ansiedelungen von Hódmezővásárhely-Kopáncs und Kotacpart und die 
III. Periode der Theiss-Kultur). — Dolgozatok. 8, 1—48. 
BANNER, J . (1932a): A Marosvidék bronzkori zsugoritott temetkezéseinek sírmellékletei (Beigaben 
der bronzezeitlichen Hockergräber aus der Maros-Gegend). — A Szegedi Városi Muzeum 
Kiadványai 3, 1—53. 
BANNER, J. (1933—1934): Ásatás a hódmezővásárhelyi Kotacparton (Ausgrabung am Kotacpart 
bei Hódmezővásárhely). — Dolgozatok 9—10, 54—84. 
BANNER. J. (1935): Ásatás a Hódmezővásárhelyi Kotacparton (Ausgrabungen zu Kotacpart bei 
Hódmezővásárhely). — Dolgozatok 11, 97—125. 
142 FARKAS. GY. and MARCSIK. ANTÓN IA 
BANNER. J. (1939): Bádeni sírok Hódmezővásárhelyen, a Bodzáspar ton (Graves of the " B a d e n " 
Cul ture at Hódmezővásárhely o n the Bodzáspart) . — Folia Arch . 1—2. 13—23. 
B A N N E R . J . ( 1 9 5 1 ) : A harmadik ása tás a hódmezővásárhelyi Kökénydombon (The third excavat ion 
on the Kökénydomb at Hódmezővásárhely) . — Arch. Ért . 78. 27—36. 
B A N N E R , J . ( 1 9 5 4 ) : Funde der Körös -Kul tu r von Hódmezővásárhely-Bodzáspar t . — Acta Arch 
Hung. 4. 1—8. 
BANNER. J. (1957): Mit adot t Hódmezővásárhely a magyar régészetnek (Was brachte H ó d m e z ő -
vásárhely der ungarischen Archäologie)?— M ó r a Ferenc M ú z e u m Évkönyve. Szened 133—150 
B A N N E R . J . — F O L T I N Y . I . ( 1 9 4 5 ) : U j a b b ásatás a hódmezővásárhelyi Kökénydombon (Neuere Aus-
grabung im K ö k é n y d o m b bei Hódmezővásárhely) . — Folia Arch . 5 , 8 — 3 4 . 
B A N N E R . J . — K O R E K . J. (1949): Negyedik és ötödik ása tás a hódmezővásárhelyi K ö k é n y d o m b o n 
1942. aug. 3—28 és 1944. aug . 2—szept. 8) Les campagnes IV et V des fouilles prat iquées au 
Kökénydomb de Hódmezővásárhely. 3—28 Aout 1942; 2 Aout 8 Ssp tembre 1944) — Arch 
Ert. 76, 9—25. 
B A N N E R , J . - P Á R D U C Z . M. ( 1 9 4 6 - 1 9 4 8 ) : Ú j a b b ada tok Dél-Magyarország u j a b b - k ő k o r á h o z ( C o n -
tr ibutions nouvelles á l 'histoire du néolitique en Hongrie) . — Arch. Ért . 7—9. 19—41 
B Ó N A , I . ( 1 9 6 5 ) : Uber die Ents tehung der Frühbronzezei t in der The iss—Maros-Gegend — Acta 
Ant . et Arch. 59—67. 
F A R K A S . Gy. ( 1 9 7 1 ) : Anthropological finds of the Bronze-Age cemsterv of Pitvaros. — Acta Ant 
et Arch . 14. 4 9 — 6 2 . 
F A R K A S . G Y . ( 1 9 7 4 ) : Neoli t ikus l e l e t e K Vésztö-Mágori ha lom lelőhelyről (Neolit ische Funde vom 
Fundor t Vésztő-Mágori-halom). — Anthrop . Közlem. 18. 55—64. 
F A R K A S . G Y . — L I P T Á K . P. ( 1 9 7 1 ) : Ant ropoloSkó is t ra í ivanje nekropole u Mokr inu iz ranog bronz-
anog doba (Physical anthropological examinat ion of a cemetery in Mokr in f rom the Ear ly 
Bronze Age). — In : Giric. Milorad: Mokr in . the Early Bronze-Age necropolis. Diss, e t 
Monogr . II . Beograd. 2 3 9 — 2 7 1 . 
F A R K A S . G Y . — L I P T Á K . P . ( 1 9 7 5 ) : Anthropologische Auswer tung des bronz:zei t l ichen G r ä b e r f e l d s 
b e i T a p é . In: Trogmayer. Orrá: Das bronz;z: i t l iche Gräber fe ld bei Tápé . Fontes Arch . Hung . 
F O L T I N Y , I . ( 1 9 4 1 ) : Koraréz- es b ronzkor i temető Deszken (Torontá l m.). (Frühkupferze i t l i ches und 
bronzezeitliches Gräber fe ld in Deszk, Komita t Torontá l ) . — Folia Arch. 3—4, 69—98 
F O L T I N Y . I . (1941a): Aszőregi bronzkor i temető (Dasbronzezei t l iche Gräbe r fe ld in Szőreg). — Dol-
gozatok 17. 1—88. 
F O L T I N Y , I . ( 1 9 4 2 ) : A „ D e s z k - F " b ronzkor i temető (Das bronzszeitl iche Gräber fe ld „ D e s z k - F " ) 
— A Szegedi Városi M ú z e u m Kiadványai 2, 9 — 3 0 . 
G A Z D A P U S Z T A I . G Y . ( 1 9 6 4 ) : Archaeologische Forschungen im Jahre 1 9 6 3 . — Hódmezővásárhe ly-
Bahnstat ion Népker t . — Arch . Ért . 91, 251. 
G I R I Ó . M. ( 1 9 7 1 ) : M o k r i n — nekropola ranog bronzanog doba (Mokr in — the early bronze-age 
necropolis). In Giric. Milorad: Mokr in . the earlv bronze-age necropolis . — Diss et M o n o g r 
I I. Beograd. 2 9 — 2 3 7 . 
H E G E D Ű S . K . ( 1 9 7 3 ) : Archaeologische Forschungen im Jahre 1 9 7 2 . — Vésztö-Mágori ha lom — 
Arch . Ert. 100. 261. 
K O R E K . J . (1958): Lebő-halmi ása tás 1950-ben (The excavation at Lebőha lom in 1950). Arch 
Ert. 85. 132—155. 
B. K U T Z I Á N . I . ( 1 9 5 8 ) : Über südliche Beziehungen der ungarischen Hochkupferze i l . - Acta Arch 
Hung. 9. 168. 186. 
B. K U T Z I Á N . I . ( 1 9 6 3 ) : The early copper -age Tiszapolgár cul ture in the Carpa th ian Basin — Arch 
Hung. 42, 2 2 — 4 0 6 . 
L E N G Y E I . I . — F A R K A S . G Y . ( 1 9 7 2 ) : A mokrini korabronzkor i temető ember i csontvázanyagaín vég-
zett laboratór iumi vizsgálatok eredményeinek kritikai elemzése a régészeti és az ant ropológia i 
ada tok tükrében (Critical evaluat ion of the results gained by morphological and labora tory 
analysis of the human bone remains of the earlv bronze-age cemeterv of Mokr in ) — A n t h r o p 
Közlem. / 6 . 5 1 — 7 1 . 
L I P T Á K . P . — F A R K A S . G Y . ( 1 9 6 7 ) : A Békés-Povádzugi őskori és 1 0 - 1 2 . sz. temető csonlvázanvagá-
nak ember tani vizsgálata (Anthropologische Untersuchung an den aus der Urzeit und aus 
dem 1 0 — 1 2 . Jhd . s t ammenden Skelettmaterialien des Gräber fe ldes Békés-Povádzuu) — 
Anth rop . Közlem. I I , 1 2 7 — 1 6 3 . 
P A T A Y . P . (1938): Frühbronzezei t l iche Kulturen in Ungarn . — Diss. Pann . 2 1 3 . 27—28. 
P A T A Y . P . (1966): Vorläufiger Bericht der Ausgrabung des kupferzeit l ichen Gräber fe ldes von Ma-
gyarhomoróg . — Móra Ferenc Múzeum Évkönyve 1964—1965. 11—23. 
THE PROBLEM OF COINCIDENCE 143 
P Á R D U C Z , M . ( 1 9 4 1 ) : Őskori és szarmatakori telep Hódmezóvásárhely-Kopáncson (Eine urzeitliche 
und sarmatenzeitliche Siedlung in Hódmezővásárhely-Kopáncs). — Dolgozatok 17, 176—179. 
SVÁB, J. (1973): Biometriai módszerek a kutatásban (Biometrie methods in Research). — Budapest, 
T R O G M A Y E R . O. (1957): Ásatás Tápé-Lebőn (Ausgrabung auf Tápé-Lebö). — Móra Ferenc Múzeum 
Évkönyve 19—60. . 
T R O G M A Y E R , O. (1958): Archaeologische Forschungen im Jahre 1956. Tapé-Lebo. — Arch. hr t . 
85 8 3 
T R O G M A Y E R , O. (1959): Archaeologische Forschungen im Jahre 1958. Békés-Povád. — Arch. Ért. 
T R O G M A Y E R . 6. ( 1 9 6 2 ) : X — X I I . századi magyar temető Békésen (Ein ungarischer Friedhof in Békés). 
— Móra Ferenc Múzeum Évkönyve 1960—1962, 9—38. 
T R O G M A Y E R , O. (1964): Megjegyzések a Körös-csoport relativ időrendjéhez (Remarks to the relative 
chronology of the Körös group). — Arch. Éri. 91, 67—86. 
Addres of authar 
D R . G V . F A R K A S 
Department of Anthropology, 
A. J. University, 
H—6701, Szeged, Hungary 

Acia Biologica Szeged. 22 (1—4), pp. 145—135 (1976) 
ANTHROPOLOGICAL CHARACTERIZATION 
OF A PREHISTORIC COMMON GRAVE AT GOMOLAVA 
(YUGOSLAVIA) 
GY. FARKAS — ANTÓNIA MARCSIK 
Department of Anthropology. Attila József University. Szeged 
(Received September 15, 1975) 
Abstract 
In the findspot at Hrtkovci-Gomolava (Yugoslavia), in 1971, a common grave belonging to 
the Basarab culture (Iron Age) was excavated by N I C O L A T A S I C . In the course of the anthropological 
elaboration, the exact sex and age at death of the skeletal systems of 76 individuals could be estab-
lished. These were taking place in three supposed layers. The number of children are unusually high, 
forming approximately 50 per cent of the series. The males are represented by 7. the females by 18 
individuals. The Mediterraneans, Nordoids are predominating taxonomically while the number of 
Cromagnoid cases are much lower. Among the individuals of the three layers there could be observed 
many anatomical variations, different morphological characters, congenital anomalies, atavistic 
phenomena and rather grave pathological deformations. On the basis of all these, as well as of the 
blood typing performed, the individuals of the three layers are representing a uniform population. 
The finds have no analogy with the prehistoric matter in Hungary. 
A survey of the material of investigation 
In the findspot at Hrtkovci-Gomolava in Yugoslavia, in 1971, the archaeologist 
NIKOLA T A S I 6 excavated an iron-age common grave (belonging to the Basarab civiliza-
tion) (Fig. 1). The anthropological finds are at present being stored in the Voivo-
deship Museum (Vojvodanski Muzej) of Novi-Sad. From among the skeletal material 
of the common grave the remains of 78 individuals could be separated, deposited 
in three layers supposed. In two cases it was impossible to determine the exact sex 
and age at death. The detailed analysis refers therefore to 76 individuals. It turned 
out in the course of determining the age at death and sex by the classical anthropologi-
cal methods and chemical analysis, as well, that the number of children were unusually 
high as the 39 individuals classified into the age-groups Inf. I and Inf. II are forming 
approximately 50 per cent of the series. And the juveniles (Juv.) are represented by 12, 
the adults and matured (Ad., Mat.) by 25 individuals, among the latter ones 7 being 
proved males, 18 femals (Table 1). The average age of life of females was about 36 
years, that of males about 37 years, that of juveniles 16 while that of children about 
8 years. 
The degree of sexualization is: at males +0.66, at females —1.02 (FARKAS, 1972). 
The number of buried individuals are :in layer 1: 19 (2 males, 9 females, 8 juveni-
les and children), in layer II: 33 (1 male, 7 females, 25 juveniles and children), 
in layer III: 24 (4 males, 2 females, 18 juveniles and children). 
It is striking that the number of children, as compared to the matured ones, is 
the highest one in layer II (Table 2). 
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Fig. I . Hr lkovc i -Gomolava , Basarab civilization, c o m m o n grave 
Table I. H r t k o v c i - G o m o l a v a . the d is t r ibut ion of ma te r i a l acco rd ing t o ages of life a n d sexes 
Ages of life Male Female Of unde te rmined Al toge ther 
p. c. p. c. sex P- c. 
Inf. I 4(14.8) 5(10.5) 1 10(13.1) 
Inf. 11 10(37,0) 19(39,5) — 29(38.1) 
Juv . 6(22,2) 6(12,5) — 12(15.8) 
Ad. 5(18.6) 13(27.0) — 18(23,7) 
Mat . 2(7.4) 5(10.5) — 7(9,3) 
T o t a l : 27 48 1 76 
Table 2. H r t k o v c i - G o m o l a v a , the d is t r ibut ion of sexes a n d ages of life accord ing to layers 
Aopc /if lif»» Layer I Layer II Layer III Al toge ther 
male female male f emale male f emale p. c. 
Inf . I 1 1 2 1 1 3 10(13,1) 
Inf. 11 3 5 10 5 6 29(38,1) 
Juv . 1 2 4 2 1 2 12(15.8) 
Ad. 1 6 1 5 3 2 18(23,7) 
Mat . 1 3 2 1 7(9.3) 
T o t a l : 4 15 12 20 II 13 
Al together 19 32 24 76 
(25.0 p.c.) + I of unde te rmined sex (31.6 p.c.) 
(43.4 p.c.) 
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The grown-up individuals of the common burial (7 males, 18 females) may be 
characterized according to the methods of classical anthropology ( M A R T I N — S A L L E R , 
1957—1966) in the following way: at males and females, the dolichomorphic character 
of the cranium can be demonstrated associated with hypsicranic, at males with 
metriocranic, at females with acrocranic. Their forehead is broad, resp. medium-
sized, at both sexes eurymetopic. On the basis of their cranial capacity they are 
aristencephalic. At males the splanchnocranium is extremely fragmentary. Their 
characterization can therefore be given only in case of females. According to this, 
they are characterized partly by leptoprosopic, partly by euryprosopic. The average 
stature of males calculated is 163.06 cm (small medium), that of females is 158.50 cm 
(large medium) (BACH, 1965; BREITINGER, 1938). 
Fig. 2 3. A d . f e m a l e , a m 
Fig . 3 14. A d . f e m a l e . c r A - x 
10» 
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In accordance with the metric data — on the basis of Lipták's work (1965, 1971) 
— the higher case numbers are given by the types characterized by dolichocranic, 
leptoprosopic, bigger stature. This type is, therefore, Atlanto-Mediterranean (am, 
Fig. 2), Mediterranean (m) and — in default of the knowledge of colour-complexion 
conditionally — Nordoid (n). A lower ratio is represented by the cromagnoid-A 
(crA) taxon diagnosed with dolichocranic, euryprosopic, chamaecranic (Fig. 3). 
The closer underterminable brachycranic (probably Pamirian) individuals are also 
to be mentioned — even in spite of their low number. As the skeletons of layer III 
are rather fragmentary, the taxons mentioned belong to layers I and II. 
We could observe among the individuals of the three layers a great many ana-
tomical variations, different morphological characters, congenital anomalies and 
atavistic phenomena (MARTIN—SALLER, 1 9 5 7 — 1 9 6 6 : BROTHWELL, 1 9 5 9 ; F INNEGAN— 
FAUST, 1974) . There are characters that are only characteristic of the individuals of 
layer I. Such are the torus palatinus (I), the slight clinocephaly (2), the double mental 
protuberane (1), a strong prominence on the ilium (I), large-sized foramen mentale 
and infraorbitale (1 — 1), fossa praenasalis (1). Among the remains of the individuals 
of layer II we have found os bregmaticum (1), foramen magnum of irregular shape 
or "leaning out" at its anterior part (1—1), sutura palatina transversa of non-hori-
zontal course (5), a stronger process at the caudal part of the clavicula extremitas 
sternal (2), and condylus tertius (1). In layer III, we could observe in a case scapho-
cephaly. There are some characters that occur even in two layers. So in layers I and 
II: the canalis sacralis apertus (8), sutura metopica (6), perforatio fossae olecrani 
humeri (4), and osapicis(2). In layers II and III: the cone-shaped occiput (10), sutura 
incisiva (9), and flatness of the lambdoidal region (3). The ossa Wormiana (28) and 
the supranasal suture-remains (10) can be found in high case-number in all the three 
layers. Sacralisation as a developmental anomaly can only be observed among the 
idividuals of layers I and III (2). 
A B 
Fig. 4A 20. Ad. female, osteophyte-formaiion at the edge of the corpora of vertebrae (spondylosis 
deformans) 
B 23. Ad. female, block vertebra 
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In addition to the variations mentioned, we have observed more serious deforma-
tions of the skeletons, as well (BROTHWELL, 1 9 6 5 ; WELLS, 1 9 6 5 ) but — owing to the 
low case number — we do not think practical to break down the data according to 
layers. Spondylosis deformans occurred in the dorsal but mainly in the lumbar spinal 
region in case of 6 individuals (1 male, 5 females) (Fig. 4a). Block vertebra can be ob-
served at two other individuals (1 male, 1 child) (Fig. 4b). The traces of atrophic 
(osteoporotic) or other acquired bone diseases connected with reorganization (osteo-
malacia, rachitis) occurred in several cases. From among these, the deformations are 
graver in four cases (3 juveniles resp a child. I female), and in these cases a higher 
life-age determination was obtained by chemical analysis than the result achieved 
by the morphological method was. In case of other four individuals (3 females, 1 male) 
there was no difference between the results of the morphological and chemical 
age-determinations. There are remarkably many orbital cribra and each form of 
these occurred in case of children. Seven of the ten cases are girls and three boys 
(at least as referred to by the chemical determination). The bone destruction at these 
is generally mediocre but the radiogram is showing no deformation. At the diaphysis 
of both tibiae of a juvenile girl the cortical substance considerably thickened. In 
the middle part of the right tibia a major fistula, in the left upper and lower one-
third part a minor fistula are visible. From the phenomenon osteomyelitis may be 
concluded (Fig. 5a). On the proximal epiphysis of both tibiae of one of the female 
A B 
Fig. 5A 27. Juv. female, osteomyelitis a t the diaphysis of tibia 
B 20. Ad. female, " p e c t i n i f o r m " exostosis at the proximal epiphysis of the left tibia 
finds a pectiniform exostosis (Fig. 5b) could be observed while in another case we 
could notice an exostosis in the vicinity of promontorium. on the dorsal side of 
sternum, at the border between manubrium and corpus sterni. 
In connection with the dentition we think necessary to mention that the caries 
frequency is comparatively low (4 individuals). The trace of a cyst was only seen in 
a single case: in the mandible, on the left, extending from the incisors up to M, 
(Fig. 6a). The trace of a periapical abscess and dental osteomyelitis can similarly 
be seen in a case. Two dental anomalies are also remarkable, namely a persisting 
deciduous tooth in the field between the left upper M2 and M3 (Fig. 6b), as well 
as the biradical caninus in the left upper quarter. 
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Deformations of smaller or larger degree, referring to an external effect — 
supposedly a blow — were observed in two crania in the area of the asterion, resp. 
in that between the tuber parietale and the sutura sagittalis. 
In cases of a female and a young-age individual a deformation referring to 
trepanation (BARTUCZ, 1966) could be observed but owing to the fragmentary 
character of remains we can only suppose this phenomenon. 
As regards the blood grouping of the individuals of the common grave, 0 is 
dominant, followed in sequence by B and later A. AB occurs in a lower number of 
cases while the number of NSe is not more than 4 (Table 3). 
Table 3. Hr tkovci -Gomolava , blood grouping 
















pA = 0.17 
q " = 0.16 
r° = 0.65 
0.98 
7.6 0.01 < P - = 0.001 
T o t a l : 75 
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Discussion 
To sum up, about the skeletons of the grave at Gomolava we may say the follow-
ing On the basis of metric, taxonomic, and different morphological features, as well 
as on that of blood-grouping, the individuals of the three layers supposed are repre-
senting a homogeneous population. On the basis of the significance investigation 
concerning the deviation of those belonging to blood-group AB (*}„ test), the 
population is in a genetic equilibrium (0.01 < P<0.001). According to the decomposi-
tion quotient, between beginning and finishing the burial about 10 years can be 
established. Burying in a common grave is not characteristic at all of the Basarab 
civilization This grave can therefore be explained with other causes. Among these 
we may suppose an epidemic made probable by the vicinity of the river Szava, as 
well as some kind of catastrophe that claimed a rapid burial, etc. All these are, ot 
course, but hypotheses. . 
It is anyway a fact that, similarly in Northern Jugoslavia, on the basis ol an 
oral information of the archaeologist S A N D O R N A G Y (Novi-Sad), we know about a 
non-protected but in a quite similar way situated bronze-age mass-grave, as well. 
Of such a character is also the find-complex of the cave Ofnet from the upper palaeo-
lythic period. The practice of mass burial does therefore not pass in this case for a 
rarity even if we cannot find, for the moment, any plausible explication. The find 
is not analogous to the prehistoric material in Hungary. Owing to the interesting 
way of buiral, we none the less considered it worth while to give a brief exposition 
about the evaluation of the skeletal material. 
We are deeply indebted to the Museum of Novi Sad and to Nikola Tasic lor 
ensuring to us the elaboration of finds; to FEDORA BIKAR for making the radiograms; 
to IMRE LENGYEL for making available to us the data concerning the chemical age 
and sex determination, blood-grouping, and those of the decomposition quotient. 
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The organized Tisza research was initiated by Professor Dr. GÁBOR KOLOSVÁRY, 
member of the Academy of Sciences, head of the Department of Zoology in the 
Attila József University, 18 years ago. By his active co-operation, he was directing 
the activity of a small but enthusiastic research-team till his death ensued in 1969. 
In the beginning, the members of the work-team (Tisza-Research Working 
Committee), after organizing expeditions, went about the complete Hungarian 
stretch of the Tisza. These investigations were necessary as there were earlier many 
investigators dealing with the research work connected to the Tisza, these investiga-
tions were, however, indépendant of one another, having different aims, giving but 
a mosaic-like knowledge of the Tisza and its immediate vicinity. The expeditions led 
by Academician KOLOSVÁRY, on the other hand, resulted in getting a complete survey 
over the river. It was rendered possible to point out the subsequent considerable 
research tasks, having started from theoretical and parctical points of view. 
As a result of that — and after taking into consideration the social claims, as 
well — the Tisza research was more and more concentrted on two areas since 
1968. One of these is the Tisza stretch situated between Tiszafüred and Kisköre, 
the other the Region Conservation District at Mártély-Sasér. Above the Tisza II 
river barrage built at Kisköre, up to Tiszafüred, a lake of approximately 200 sq. 
km surface will take shape in a few years from now. The "lake" formed as a result 
of this enormous remaking of nature is expected to affect the living world through 
its effect exerted on the water-household of the neighbourhood. It is because of the 
latter fact that the Tisza-research work-team have chosen as one of their pronounced 
activities, to investigate the Tisza-stretch and its vicinity, taking advantage of the 
possibilités of the huge "field experiment". 
The about 25 km long Tisza-stretch between Mártély and Sasér lies north of 
Hódmezővásárhely, and the work-team actively participated in its establishing as 
a Region Conservation District. At this Tisza-stretch, there are to be found some 
biotopes which show a nice view and are valuable, at the same time, on the basis of 
the vegetable and animal kingdoms, as well: Tisza dead-arms, willow-plantations, 
marshlands. The anthropogenous intervention has only brought about a com-
paratively minor change, the country reconstruction can, therefore, be solved in 
this Region Conservation District comparatively easily. That is meaning a reconstruc-
tion as perfect as possible of the original plant-cover and animal life. The work team 
have taken the initiative in the work of reconstruction since 1971, and the project 
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of region reconstruction ynthetizing the result of their earlier work has already been 
prepared. 
Since 1974. the activity of the research-team has also included a third basic 
area: that of Csongrád. In the following decades, here will be built the Tisza III river 
barrage in Hungary. There will be raised by that some problems similar to those at 
Kisköre. In addition to evaluating the effect of remaking nature, the research work 
in this area is also justified by the fact that there are several valuable and almost 
irreplaceable Tisza-stretches in that part. In order to protect these, we have to do 
everything in our power, paying a great attention to this problem already during 
designing the river barrage in the Tisza and the reservoir belonging to that. Here 
arises a third problem, as well, and a basic research-activity is needed for preparing 
that well. The Danube—Tisza canal, to be built later on, is contemplated to discharge 
into the reservoir at Alpár connected to the Csongrád river barrage. That, however, 
means that the waters of both rivers will be mingled. An important task is, therefore! 
to establish the expected effect of mixing on the quality of the water utilized inter alia 
for irrigation, as well. 
The research activity in these three regions distinguished is meaning the long-
range research activity of the work-team accepted and promoted by the Hungarian 
Academy of Sciences. This ersearch activity was earlier joined with the International 
Biological Programme, then with the programme "Man and Biosphere", following 
the former one. It has a part in the main long-range task named "Protection of the 
man and his natural environment (biosphere)", as well, co-ordainted by the Hun-
garian Academy os Sciences. 
Offering a brief survey of the researches in progress in the three districts, the 
following may be emphasized: 
In the stretch between Kisköre and Tiszafüred, in order to establish the effect 
exerted by the "lake" in formation on the local climate, and taking into consideration 
the prevailing direction of wind, in the vicinity of Abádszalók and Sarud a meteoro-
logical station was set up each. The development expected of the biological equilib-
rium in this artificial ecosystem, leading through the food chain up to fish production, 
has been analysed by the help of investigating water chemistry, water pollution! 
bacteriology, phyto- and zooplankton, as well as benthos. The investigations in the 
adjacent terrestrial ecosystems have been carried out primarily in meadows and 
grasslands. Their aim is to study the structure of stand and the vegetable organic 
matter production, as well as to estimate the fauna of these ecosystems in detail, 
affecting various problems from taxonomic questions till population-dynamical exa-
minations and covering every major taxonomic category. 
In addition, there so something more to be emphasized in connection to the in-
vestigations started in the region of Csongrád. In the 1950s, in this area, a detailed 
phytogeographic survey was performed. Taking the results of surveying for our basis, 
it may be established, too, what kind of changes in the plant-cover have been induced 
by the anthropogenous effect taking place since then; and from that, important 
conclusions can be drawn concerning the future, as well. 
The investigations taking place in the region between Mártély and Sasér are a 
little of differetn character, the main aim being here country reconstruction. An 
important task in this Region Conservation District is, therefore, to carry out a many-
sided investigation of backwater, meadows, grasslands and woods in the flood area 
because all these biotopes will be affected by the country reconstruction. There is 
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still another difference in these investigations as a result of that this Region Conserva-
tion District lies close to Szeged, the seat of the Tissa-Research Working Committee. 
This vicinity makes possible a continuous investigation of the selected ecosystem and 
that is of great importance in hydrobiological, botanical, and zoological relations 
equally, promoting the analysation of these phenomena in their progress. 
There are approximately fifty persons working in the work-team and mainly 
the zoological and hydrobiological directions are strong. The results of Tisza re-
search in the last four years were measured not long ago. The preparation of the nature 
reconstruction project of the Region Conservation District between Mártély and 
Sasér, doubtless the most important result, has already been mentioned. 
Some additional remarkable establishments are as follows: 
The complex physical-geographical and climatological survey of the reservoir 
of the Tisza II river barrage, 
as well as the detailed geographical survey of the Region Conservation District 
between Mártély and Sasér were completed. 
It was established, what kind of effect was exerted in the region of Kisköre on 
water quality and algal population by the various water-movements and damming. 
The effect of the degree of changes in the arid and humid periods upon the 
species composition of the marshland plant-stands in the Tisza flood area, as well-
as the influence of a lasting water-cover upon the major hygrophilous species occur-
ring in the flood areas were established. 
The avifouna of the various woods along the Tisza was surveyed in detail and 
the role of the bird species of various nourishments in the traffic of materials and 
energy established. The effect of the microclimatic and biotic factors was investigated 
primarily in ant populations living in grass-associations along the Tisza and the 
occurrence of biting midge (gnat) species, living along the Tisza was mapped out. 
In co-ordinating the research activities of the investigators livin in various regions 
of the country, an important part has been filled by the conferences organized for 
some time past in the Spring of any year. The 15 to 20 lectures delivered have offered 
a good survey of the results of the work performed and, at the same time, the har-
monization of the research projects concerning the subsequent period was also 
enabled by the conferences. In the co-ordination and publication of the research 
results in Hungary and abroad, a considerable part has been played by the TISCIA, 
as well, having already its volume XI this year. This publication was initiated by 
Academician KOLOSVARY, as well, and the first four volumes were compiled by him. 
The TISCIA has been sent by the work-team (the Tisza-Research Working Commit-
tee) to every quarter of the world and more than 120 journals, periodicals or other 
scientific publications were returned in exchange for its copies. 
The number of papers published in the TISCIA have been about 300. 
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